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First Printing

ERRATA as of May 12, 1967

. V. 3rd paragraph, line 2: Replace "photoffset" by "photo-offset™

. 3, lines 6 and 7: Underline "stern"; delete vnderline on "bow":

underline "forward".

. 6, line 4: 1Insert "?" after "Explaining”
. 10, 3rd paragraph, line 3: Reolace "hard to" by "hard for"

. 17, line 17: Replace "scientist"s" by “scientist's"

43, line 6 from bottom: Insert quotes (") affer "or"

. 64, line 9 from bottom: Replace "and as" by "and so"

65, line 6: Delete comma after "reading”

69, line 2: Delete comma after "nag”

. 69, line 15: Replace "three 3's" by "four 3's"

72, line 6 from bottom: After "what is" insert "in"

. 73, line 6: Replace "made" by "make"

73, line 7: Replace period (.) by colon (:)

. 89, line 14: Replace "focusses" by "focuses™
. 131, line 9 from bottom: Insert quotes (") at end of line
. 202, line 4: Insert quotes (") after "composition"

. 265, line 4 from bottom: Replace "Bolean" by "Boolean"

269, at “"Basic English" entry: Replace "57" by "35, 57"

. 270, at "Ogden, C. K." eatry: Replace "57" by "35, 57"
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Introduction

The Subject and Purpose
of This Book

The Subject of This Dook

The subjest of this book is explanation. To explain something is to make

it clear and plain, to change it from something that is not understood to some=

thing that 1s understood.

Explaining invelves something to be explained (a topic), a person who does

the explaining (the cxplainer or lecturer), persons to whom the explanation is
given (the sudience), and many more elements aad factors besides, To explain

well is an art, and the capacity to éxplain well can be learned,

Assistance from & Computer
The advent of the automatic computer makes it possible to apply to the art of
oxplaining a vast power to handle information. The programmed computer, for

example, can easily provide a great deeal of control over many factors such as

vocabulary, sentence length, and number of syllables, The result is that better
explanations oan be produced with less human labor. In addition, in the next few
years, the programmed computer should hecome able to deal efficiently not only

with words but aslso with ideas. The computer should be able to deal intelligently

with terms and relations, statements and questions, and thus provide explanation

ideally suited to each individual member of an audience. Many other interesting

and important possibilities for computer-assisted explanation clearly cast their

shadows before,
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The Purpuses of this Book

This book has two purposes. The fivst is to examine what Is good explaining,
and to present a guide to the art of explaining. At present, in most cases and for
most tusks, in producing good explanation, we cannot yet use the resources of the
automatic computer, and human beings have to produce the explanstion. The second
purpose, nowever, i5 to demonstrate a beginning In using an auiomatic Cumpuicer
to help produce good explanation. Five working computér programs are stated in
this book.

The Contents of this B ok

What is explaining, and what isn't? What is good explenation, and what isn't?
The first few ¢hapters of this book discuss these questions,

The auality of an explanation is affected by a large number of factors. What
these are is discussed in Chapter 4.

When we are sectting out to explain somaething, we can usefully recognize
four classes of words. One of these ¢lasses, the Special Vocabulary, has long
been recognized. T call the other three classes the Allusion Vocabulary, the
One-Syllable Vocabulary, and the Key Vocahulary, How to make these distinctiens,
and apply them usefully in producing good explaviation is discussed, mainly in
Chapters 5 and 6,

Some of the possible applicetions of programmed computers to explaining
well are Jescribed, and programs are given for them, in Chapters 6, 10, and
Appendix 1.

Ways of improving some actual sample explanations are shown in Chapters
7 and 8.

The value of improvement in explanation and some other practical auestjons

are discussed in Chapter 9.
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The last chapter is a short summary of advice for explaining well.

The Role of the Human Deing
At the present stage of the art of programming computers, however, a pro-
grammed computer by itself cannot compose cleur and satisfactory explanation of
ahy given subjeot for humun belngs. At best, it can only help human beings com-
pose explanation in English,
Particularly when revising an explanation to improve it, we have to use

human beings to compoSe revision, and not & computer. This role for human beings

may cuntinue for Some time,

T..¢ Future
Explanation, it seemx, i1s a new field for study and for applying the
sclentific mothod: and it seems to be one in whioh much signifloant progress oan
be achieved if we judge by the level of explanations commonly seen nowadays,
Consider for example the many times when, as we read something, we find that we
fail to understand what Is being said, and are perplexed or blocked,
The present report merely touches the surface of this fieid of explaining

well: a great deal of cultivating is needed in the future,

Any cemments, criticisms or suggestions that sny reader cares to send me

will be gratefully received,

Edmund C. Berkeley
Information Internatlional Inc,
545 Technology Sq.

Way, 1967 Cambridge, Mass. 02139
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Chapter 1

For Instance?

Before we launch futo an extended discussion of the subject of "expluanation” and
its upplications and implications, would it not be good to give some exumpleos? exomples
of yood explanation and poor explanation, so thst you the reader may see some wvctuasl

instonces of what we ure discussing in this report?

1, Notige in o Texicab

Following is & notice that I read in Apeil 1949 in a New York taxicab:

Av O'D INJURY

ACCIDENTS
SIT BACK -- RELAX -- ENJOY YOUR RIDE

This is excellent explanation, The words are good, direct words, with clear
meaning to almost everyhody who rides fan a taxicab. The entive cxplonation is short:
9 words in oll, The reason for the directions is given Tirst: “ovoid injury and
accidents", Then the directions are stated, "sit back and relax™. Then one wmore

encouraging roason is given, "enjoy your ride."

2. A Paragraph from s Scientific Article
The following is part of the third paragreph from an wrticle "The Significance
of Mciosis in Allomycas"™ by Rslph Emerson and Charles M, Wilson in Science, July %,

1949, vol, 110, pp 86-08:;
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Resistant sporangia formed by sporophytic thalli grown on slants of yeast
starch agar ordinarily become capable of germination three to six weeks after
their foxmétion. At this time each sporangium ccntains about a dozen expanded,
dipluid nuclei in an advanced prophase stage. These sporangis are fully mature
and, if air dried, they will remain viable and their nuclei will remain in
prophase without any further detectable change for periods up to at least ten
years. When m&ture resistant sporergia are takem directly from moist agar
cultures and placed in water at 20° to 25° C., they form and release spores
in 100 to 130 minutes, During this short interval the twe meiotic nuclear
divisions occur, and are immediately followed by cleavage of the cytoplasm

and organization of the zoospores, Each of the zoospores is haploid and

normally uninucleate, ....

This is straightforward techrical writing of the ordinary technical journel va-
riety, Also, the writers have pointed out something remarkable -- here is s form of
life which has a resting period ten years long, and then in two hours' time under the
right conditions it lives actively again and makes spores. But the following words,

the special terms, all have to be understood in order that the paragraph have full

meaning:
agar germination sporangia
centigrade (i.e., C.) haploid sporangium
cleavage meiotic spores
cultures nuclear sporophytic
cytoplasm nuclei thalli
diploid prophase uninucleate
divisions resistant yeast starch
expanded slants zoosperes

fact, out of 99 different words in this paragraph, 24 are special terms, This is

undoubtedly much too heavy a load for at least some readers and probably a great many.
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3. A Paragraph from & Navy Guide for Seamen

Following are the first two puragraphs from page 210, Chapter 12, "Facts about

Ships”, in “The Bluejackets' Manual”, 17th edition, published by the U.S. Naval 1lnst.,

Annapoliis, Md., 1963:

A man does not get on a ship; he goes aboard. The front of a
ship is the bow, the rear end is the stern. When a man stands at the
center of the ship and faces the bow, he faces forward; if he turns
around, he faces aft. Facing forward, the right side of the ship is
the starboard side; the left side is the port side., An imaginary line
from bow to stern is the centerliae; it runs fore-and-aft. The length
of this line is the length of the ship., The greatest width of the ship
is the beam,

An object directly off the side of the ship is abeam. An ohject
or line running directly across the ship, like a passageway or deck
beam, is athwartships. A man standing at the conter of the ship is
amidships., When he faces either side, he faces outboard. His shipmate
at the rail who looks back at him is facing inboard. An object over

his head is above; an object underneath him is below.

These two paragraphs contain 86 different words, of which 18 are being defined

in the course of these two paragraphs. Yet what a great contrast with the last

explanation -- what a great amount of help is given to the person interested in under-

standing!

There is only one mistake in explanation: the word "passageway” is assumed

to be familiar to the audience but is not,.

Furthermore, these two paragraphs &8s a whole are entertaining -- because in a

light vein they make clear how differemt language aboard ship is from language on

shore., This kind of explanstion can be read for enjoyment 8s well as instruction.
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4. ''wo Paragraphs from a Navy Publication for Officers
The fellowing twe paragraphs are taken from pages 40 &nd 41 of Chapter 8, "The
Case of the Suspended Sentence”, in "Principles and Problems of Naval Leadership",
published by the Bureau of Naval Personnel, 1964, The audience is assumed to be
Navy officers who are interested in leadership and the supervision and management

of men, Following are the first two paragraphs of discussion presented inm answer

to the following question:
Why dcesn't the Navy screen prospective recruits to keep the troublemakers
out of the Navy?

This question sppears earlier in Chapter 8.

SCREFNING OUT POTENTIAL TROUBLEMAKERS
If the behavior of kuman beings were wholly determined by heredity

and environment, or by purely mechanical or automatic laws, prediction
of future success or failure would be easy. If we could say that human
beings when stimulated in a particular fashion, would automatically
react in a given way, not only the p;edictability but the control of
human behavior would be easy. Indeed some schools of thought and teaching
have given this impression., One such school might loosely be termed
"behavioristic”, another "mechanistic”. Developments in the science of
cybernetics (a comparative study of complex mechanical-electronic
communications sysiems, such as computers, with the control system formed
by the nervous system and the brain) have led some people to believe that
there is no essential difference between men amd highly refined "computers”,

But the fact of the matter is that no machine ever invented past,
present, or future, no matter how complex its operations, has had or can
have a built-in personal moral responsibility. A man can know all the

rules, He can study behavioral principles all his life, In turn he can be
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studied in exhausting detail. His blood can be tested: x-rays and
fluoroscopes can strip him of every physiological secret. Electro-
encephalograms, psychogalvanometers, and Rorschach diagnoses can tell
a lot about what goes on in his mind and in his emotional make-up.
Chi-squares and coefficients of correlation can ascertain the

probabilities of how many pcople will prefer blue wullpaper to red

wallpaper,

In this case, we have now read two paragraphs and have not yet found amy direct
connection with the subject, "Screening out Potential Troublemakers". Furthermore,
the audience probably will not understand behavioristic, electroencephalograms,
psychogslvanometers, Rorschach diagnoses, chi-squares, and coefficients of correlation.
Also, many of the statements are clearly not true: blood tests, x-rays, and fluoro-
scopes are not enough to find out every physiological secret of a man, Many of the
terms are unclear: what is a "highly refined computer"? Although the vocabulary
is not as a whole difficult for this audience, we cannot say that this passage is

good explamation.

5. The Main Argument
These examples of explanation illustrate what will be the main argument of
this report:
1) Much writing has the goal of explaining something vo a2n audience.
2) Much explanation is poor.

3) It should be possible to improve greatly the quality of explanation.
4) Anc it is possible.
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Chapter 2

Explaining

Outline
1. What is Explaining
2. The Elements of Explanation
. The Result of Good Explanation
. The Importance of Explanation

3
4
5. The Factor of Advantage to be Gained from Good Explanation
6. Advances in the Techniques of Explanation

7

. Computer-Assisted Explanation

Everybody has the task from time to time of explaining something to somebody ~lse.
It is a common problem, from telling a stranger which way he should go, to telling an
employer why you are the right person to be employed for a certain job, to instructing
a new member of the United States Navy in the kind of work he should do or the nature
of concepts he should learn. How many of us can explain well? How many of us are
aware of all the factors that may affect the success of an explanation?

This report seeks to make clear many of the factors that affect successful
explanation, and a number of other considerations that bear on it, It also seeks to
make clear a number of the ways in which automatic computers now or in the future may
assist in producing successful explanation, If you become aware of the factors that
may affect successful explanation, you are likely to be able to explain better, for

knowing that a factor exists is the first step in acquiring control over it.




1. What is Explaining?

To explain is to make plain or clear, to render intelligible. To explain a
strange idea means to define that ides in terms of other, more familiar idess; it
means saying exactly what the stramge idea is, using familier idess end familier
relations,

For example, what is fatigue duty? One explanation (taken from the dictionary) is
that "fatigue duty" is a military term, axi it is;

occasional work performed by selected details of soldiers, in

addition to drill duties, especially policing, painting, and

camp maintenance.
This explanation tells the context of "fatigue duty”. It then uses some familiar
ideas such as “work, soldiers, painting", and some less familisr ideass such as "details
of soldiers™, and "drill duties™. These if not known canm be fairly easily guessed,
Then thoe whole set of ideay is put together im the familiar relation:

".oero iS ..., performed by ,..., in addition to ...., especially ...., ....,

and ... "
This is good explanation for an audience of a great many people, partioularly the kind
of people who might want to know what “fatigue duty" means; and this kind of explana-
tion marks a good dictionary.

The opposite process, expressing familiar ideas in terms of strange ones, is
illustr ed by a famous definition sttridbuted to Dr. Samuel Johnson:

"Man is the featherless biped."
In this case a very familier idea is defined in terms of two muoh less familiar ideas.
Clesrly, this is far from being good explanation for anybody; we can conclude that the

definition is not intended seriously.

2. The Elements of Explanation: Topic --
Explainer -~ Audience -- Vocabulary -- Presentation

In explanation we can usefully distinguish five elements, The first is the thing
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which is being explained; let us call it the topic or subject of the explanation,
Second is the persoh who is presenting the explanstion; let us cell him the explainer
or the leoturer, Third is the person or persens who are receiving the explanation;
let us call them the audience, If there is only one person, we may call him the
explainee, Fourth is the colleotion of words expressing famiiiar ideas and relations
by means of which the explanation is presented; let us oall this the yocabulary. The
fifth element we may call the presentation, which consists ¢f the vocsbulary organized
by the lecturer to explain the subject to the audience,

In general we shall here c¢onsider the explaining of technical and scientific
subjects. The lecturer, we shall assume, is very well informed about the subject, and
somewhat interested in trying to explain the subject as well as he cam, provided that
that effort does not teke too much time away from his main interests, which are the
subject and not the explanation. The audience we shall assume consists of persons who
have some interost or curiosity in the subject, but they have other matters slso that
they are interested in; in fact, we can imagine them looking st their wrist watches
and not eager to stay any longer than necessary or desirable from their own point of
view,

Nhenever 8 piece of exposition is prepared for explaining some subject to an
audience, the explainer has to make decisions about the knowledge that his audience
has: what they know, and what they don't know.

A speaker has a great advantoge. He ean say te his sudience, “If any of you do
not understand some term that I am using, please speak up and make me explain it.,”

A writer does not have this advantage. Accordingly, he needs to judge what his
audience knows snd does not know, and take that judgment into account whea he is
writing. To carry this out well, a writer has to notice every word and phrase that
he uses, and ask himself for each one:

Will my audience understand this?

It is not hard to do this checking for a paragraph or two, but for a chapter or a
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manuel or a book, it is w great derl harder, and requives a lot of effort and detail,
Here is one of the places where a computer c¢an help,

In general, an explainer should watch every word and phrasc that he uses for
explaining, He should keep track of these terms, And whenever he finds that he neeus
to use & term whioh his audience perhaps does not understeand, them he must give mere
information about the term, so that the audience can surely understand it,

A computer can be & substantial help in this process, It can compare the words
and phrases that a writer is using and the voosbulary that the sudience is assumed
to understand; then it can report those words &nd phrases which occur in the writing

but which arc not in the audience's vocabulary,

3. The Result of Good Explanation

When an explanation is successful, we fully understand, Whet is understanding?

Most of the definitions given in the dictionary for "understsnding" do not convey
an operational meaning; they are synonyms like "“grasping", "comprehending", etc. But
among the definitions there is one based on operations that can be observed and tested:
understanding is "the power to distinguish truth from falsehood and to adapt means
to ends".

Accordingly, if an explanation about some idea is good, is effective, we under-

stand. As a result we can distinguish true statements about that idea from false ones,

and we can behave in regard to that idea in such a way as to adapt means to ends. For

example, if we understend directions given to us about how to go to some destination, ?
we prove our understanding by erriving there. i
The process of understanding is general. In other words, it is just the same ;
process for every mew idea to be understood. We find out the name of the ideca. We %
collect true statements about it. We practice applying the new statements, ‘the z
more true statements we have gethered, and the more practice we have applying them, }
the more we understand the idea. z
E |
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It is clear that this process can be applied to any idos (that makes semse), and
thereforc su ¢an understand any idoa (thst mekes sense), Good explanation takes us

there rapidly, and poor explanation takes us there very slowly if at all,

4. The Importance of Explanation

As nea.ly everybody nowadays realizes, we axe living in & time yhen 4 great
tide of new technology is pouring forth. For cxample, it has been estimated that
over 1,0 million jobs In the United States disappear cach year as & result of auto-
mation and other technological changes.

The new technology and the changes it is producing are placing e heavy requirement
on human beings to understand now information. In faot, so memy new devclopments ate
happening so fast in so many places, that it is very hard to most people to keep up.

In the United States Navy, the importance of explaining, oconveying understanding,
through systematic education, instruction, and training, has long heen recognized, Not
only ir the ureas of systematic education but also in the areas of nonsystematic oduca-
vion, however, it is important to convey understanding from one human mind to another,

to make use of good explanations,

§. Factor of Advantage to be Gained from Good Explanation
Because of the fact that not much attention has been paid to techniques eof
explanation in recent years, the application of the scientific method in this area
might well yield a large gain, perhaps by a factor of 2 or more, In other words, goed
explanations achieved through the application of modern scientific methods might

shorten the time needed to gain understonding of something unfemiliar, by S0% or morxe,
6. Advances in the Techniques of Explanation

Considerable advances in the techniques of explenation are possible., They may

be divided into two cstegories, those that involve human beings only, and those that
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involve human beings together with sutomatic computers,

In tho first category. mofe than forty fastors affecting the quality of anm
explanetion may be inventoried. Examples of somec of these factors are:
~= Ideas assumed known by the sudionce: extent to which they are carefully
and consistently sclectod and identified
~- Commoit properties and relations: extent to which they are reported
for a new idea being explained
-~ Examples: way in which an explanstion uses examples to the optimum
extent
«~ Words with ambiguous or obscure meanings: absent as far as possible
-= Proportion of short words (word:s of one sylleble) used for expleining

relative to long words (words of more than one sylleble): optimum
proportion

These factors are discussed at length in Chapter 4,

7. Computer-Assisted Explanation

Automatic computers however now exist, and thoy can be woplied to the problems
of producing explanation,

A oomputor ¢ah holp the explainer, by applying tosts and ewaluations to his drafts
of an explanation; it can signel ways in which the drefis can be improved., With this

aid, an explainer can more casily produce good explanations, Research using a8 computer

in this way has been cearried out and is reported and discussed in Chapters 6 and 10
of this report.

A computer (especially when it is "time-shared™) can slso help an explainee by
responding to his questions, and behaving like his personal lecturer or explainer.
Within a certain subject area, it may have almost unlimited power to remember, celcu-
late, be logical, and evaluate how the explainee is responding (though it may bde

difficult to program it to respond to the meaning of freely worded statements by the
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oxplaince). This kird of computer use clogely resembles what is colled "computey-

assistod instruotian” or CAI; we do not try in this report to cover that sublect also,
It is olear from the evidenoe in this reéport and the rvesults and direction of

the research here reported that the computer provides an ndditional power for attaining

succossful explanation: oomputer-sssistad explanation.
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Chapter 3
The Differences between
Explanation and Related Subjects

Outline
1, Explanation as a Subject (ov Discipling)
2, The Related Subjeot: Instruction
J. The Related Subject: Fxposition
4. The Related Subject: Techaical Writing
5. The Related Subject: The Presentation of Mathematical Systems

6. The Distinguishing Charaoteristios of Explanation

1. Explanation as a Subject (or Discipiine)

Explanotion has not been ricognized as o branch of knowledgo, or a territory of
science or o technical art or a discipline, even though closely related subjocts have
been so rocognized, Among these closely rolated subjects are:

1) public relations (there are courses in public velations)

2) advertising nnd propaganda (there are courses in advertising if not
propaganda)

3) journalism (there are schools of journalism)

4) homiletics (the art of writing sormons)

5) exegetics (the science of interpreting the Seriptures)

6) education (there are schools of cducation)

7) writing (there are courses in many kinds of writing)

8) instruction and teaching (there are teachers colleges)

- 13 .
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9 exposition (a subdivision of English composition)

10) technical writing (there is now a Society of Technical Writers and
Publishers)

11) the presentation of mathematical systems (such as Euclid's Elements
of Geometry, which has long been an influential model for ex-

planation)

The first five subjects listed sbove are clearly different from explanation
because they cover a limited territory, whereas explanation relates to any territory
at all. The next two subjects, education and writing, are very broad and large
subjectis:

-- the education of human beings can take place in many, many ways;

-- writing includes explanation and a great deal more besides.
But for the last four subjects, it is worth making quite clear the similarities and
the differences. In this way we can indicate why explanation is worth attention

as a subject in itself.

2. The Related Subject: Instruction

Instruction and explanation grade smoothly into each other in some ways but in
many ways they are quite different.

Instruction regularly implies that there is a deliberately arranged situation in
which some persons are students, and another person is the teacher, and explanation
is taking place in a deliberately educetional environment such as a classroom, &
seminar, a lecture, etc.

In this environment there exist several kinds of comﬁulsion. The student is
under pressure of "having to go to school™ or "being in school™. If he is motivated,
he wants the end goal of passing courses and gradusting with a degree, He knows he

must study his homework before the next meeting of the group, which is often toforrow;
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he cannot procrastinate more tham an hour or two. He does not want to be laughed st
by his peers at the next meeting if he should give stupid answers tc the teacher's
questions. And so on,

Another kind of instruction occurs when a student is working by himself., He
may be in a laboratory session of a scientific course; he may be going through a
series of steps in a programmed instruction book; he may be interacting with a computer
in one of the varieties of “"computer-assisted instruction”; he may be reading a text-
book and trying to determine for himself the significant things that are being taught,

In solitary instruction also there is usually stromng motivation or compulsion,
and in addition there are supplememting resources, He can look up what is not clear
to him in sonle other text, He can search for a teacher who can explain to him what
he does not understand, He can discuss questions with a fellow student so that both
of them can come closer to comprehending what is being said. Basically, a student is
undei @ pressure to try to learn,

The instructional enviromment is however missing om many occasions when explanaiion
is needed. For example, an suthor may be writing a popular exposition of a sciemtific
subject, and he has to rely on the attractiveness with which he may be able to present
his subject, in order to persuade his resders to comtinue reading what he has written.
Or a subordinate may be presenting some proposals to a busy supervisor, and he has to
rely on the interest and convincingness of Lis first few explamatory statements to
persuade his supervisor to listem to the rest of what he has to say. Or the manager
of a project may have to explain to a committee that hold the purse strings why the
project continues to be important, how this jear's results have been significant, and
why @ largoer budget then last year is reasonable; snd he knows he has to rely on some
ten pages of explanation which the committee will read in his sbsence. Or a depart-
ment of the Government is interested :n increasing the skills and understanding of
men working for it, and desires to meke instructional material, manuals, etc., as

¢lear, interesting, and inviting as possible so as to persuade these men to use scme

- 15 -
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of their spare time to learn more and thus become more useful, In each of these cases,

the audience for the explanation is under no compulsion to listen,
As a result, explanation must be more interesting, more attractive and more
"explanatoxy" than much instruction. But many of the principles of good instruction

apply to explanation. A person who has much explanation to write should make himself

competent in the technique of instruction.

3. The Related Subject: Exposition
Exposition refers to the principles for informing which are stated in courses in

English composition taught to students in school and college. These principles
deal with outlines, sequences of points, unity, coherence, emphasis, etc. Perrin's
"Writer's Guide™ (see the bibliography) stutes uander the heading “expository writing™:

Writing that is intended primarily to inform its readers -- by

presenting facts, giving directions, recording events, interpreting

facts, developing opinions -- is expository. People do not sit

down to write "exposition"; the word is convenient for grouping

various articles that convey information,
From this definition it can be seen that explanation is much moxe specific than
exposition, But al the principles of good exposition apply to geood explanation,

A person who has much explanation to write should make himself a master of exposition.

4. The Related Subject: Technical Writing
Technical writing is often thought of as the kind of writing which is produced
to accompany 8 piece of equipment or a product ;0 that users can operate it and
maintensnce men can service or repair it. Technical writing also includes writing
by scientists, engineers, or professional men which communicates technical informa-

tion to their colleagues, persons who are assumed to know almost as much about what

is being communicated as the author himself.

16 -

e

o 0 451 0 o 3 el

T R

e I,

(RSN

an b

Mz e

AT

Aol B Sl

PRUSTRA TS W PR EHBI.Y. S o . P

¥ e Leaa




v

Technical writing has been defined as follows:

"Writing in any form is a means of communication between @&
writer who possesses certain information and a reader who might
be interested im that information., Technical writing involves
material of a specialized nature, meant for a specific reading
group, Whemn the material is properly writtem, it can bhe readily
understood and utilized by those readers.

-~ From "Technical Writing Techniques”
by Joseph Racker, Prentice Hall Inc.,

Englewood Cliffs, N.J., 1960, p. 1

Then the suthor gives as examples: (1) instructions for assembling a model aircraft

from a kit, which would enable the purchaser of the kit to assemble it: (2) a book
on the rcpair and adjustment of hydramatic systems, which would emable average
automobile mechanics familiar with stendard gear shift systems to repair and adjust
hydramatic systems with a minimum of special tools; (3) an engineer's paper on an
improved triode tube, which would enable other design engineers to decide whether
the new triode would meet their requirements; (4) a scientist"s paper on his new
theory and experiments on vadio interference by solar and cosimic sources, which woauld
enable other scientists to understand the new theory and to judge how it is sub-
stantiated by oxperimental data,
From these definitions it can be seen that technical writing is essentially a
subdivision of explanation in an applied context, usually in a situatiom where:
(1) there is a captive audience, which is forced by circumstances to do
its best te understand; or
(2) there is a very high-level audience which is not required to
understand thoroughly, but only to meke reasonsbly good judgments

based on incomplete information and approximate vnderstanding,
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Thus technical writing regularly does not include extensive explanation of the basic
structure or fundamental principles of a subject; and so the information presented in
technical writing is often inaccessible to the uninitiated in that area of knowledge.

Fven so, a person who has much explanation towite should have a knowledge of

technical writing,

5. The Related Subject:; The Presentation of Mathematical Systems
The presentation of & mathematical system regularly uses certain simple ideas
and axioms at the beginning, and proceeds step by step to many :nore definitions, and
8 large number of propositions.
In geometry, for cxample, the usual systematic presentation recognizes and explains:

Concepts and Statements Examples

simple ideas (basi¢c concepts -- point, line, distance, angle
undefined terms)

sxioms (assumptions, postulates -~ Two lines intersect at a point,
unproved statements)

later terms (defined terms) circle, rectangle, length,

width, area

later propositions The area of a rectangle is equal
(proved stutements) to the length times the
width,

In this kind of mathematical presemtation, each later idea is carefully defined in
terms of earlier ones, and each later propesition is carefully proved by logical
srgument from earlier ones,
This kind of mathematical presentation is a mathematical ideal of clear, economi-
cal, and besutiful explanation, The Greek mathematician Euclid in his “Elements”
did this for geometry. For more than 1500 yesrs, and for more than 1000 editions of
his work, Euclid's style of explanation has been a model for many kinds of explanation,
Many topics can be explained well using the methods of presentation of mathematical
systems. In fact, it is almost inevitable that a good explanation has to start some-

where, with basic ideas that the audience is assumed to know, and basic propositions
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that the sudience is assumed to be satisfied with witho?t further explenation, So
the method of explanation of geometry is often applied outside of mathematics.
Closely rvelated to the methods and ideas of explaining mathematicel systems

are the methods and ideas of symbolic logic, What fs symbolio logic? Also ¢slied
mothomatical logic, this is what ordinary logic and reasoning developed into when
the powerful symbolic methods of mathematics were applied during the last 100 years
to the subject matter of logic and reasoning. The dictionary definition of symbolic
logic is:

a science of developing end representing logical principles by means

of symbols in order to provide exact rules of deduction based on

primitives (undefined concepts), postulates, and exact rules for

the formation and transformation of expressions

How is symboli¢ logic related to explanation? One way is that symbolic logic
makes completely precise the meaning of meny frameworks for statements. For example,
all of the following frameworks say exactly the same thing, and have the same meaning
from the point of view of symbolic logic:

1) All ....5 are ----s
2) ....5 AT -~--§
3) Every ..., is & ----
4) Each ..., is 8 -——-
5) A ..., is 8 ----
6) The ....s are contained in the ----s
7) The class of ..., is in the class of ----
8) ....ness is a sure sign of ----ness, etc,
This single common m2aning is that one class of things is included in enother class,

The relation of inclusion is studied in symbolic logic in the same way as the relation

of addition is studied in mathematics,
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Accordingly, in order to explain well and to recognize precisely what relation
needs to be expressed, it is useful to know something of symbolic logic. Symbolic
logic identifies and defines many of the basic properties and relations used in all
scientific and logioal thinking,

Accordingly, it would be desirable for a person who has much explanation to
write to have some knowledge of the technique for presenting mathematical systems,

and if possible some knowledeer of symbolic logic.

6. The Distinguishing Characteristics of Explanation
We are now ready to try to make clear how explapation is to be distinguished from:

-- instruction

14
]

exposition

technical writing

-

the presentation of mathematical systems

In contrast to instruction, explanation has to be more interesting and apply in
many more situations. It applies in a great mamy fields where the xelation of teacher
and student does hot exist or is very much changed,

Exposition is writing to convey information. Explamaticn is writing that makes
some previously obscure topic clear and plain and understood. Explanation is therefore
simply a part of exposition. A book of essays, a newspaper report, a speech in
Congress, a resolution at a meeting, etc., are all exposition., But oaly here and there
in this exposition will deliberate explanation be necessary.

In contrast to technical writing and the presentation of mathematical sjystems,
explapation is more general, it applies in mamy more situustions, amd it hardly ever
has a captive audience which is compelled or strongly motivated to understand. If
a stranger on the street asks me for directions to an address in ny neighborhood,
he is not forced to understand the explanation I offer him: if I confuse him, he

simply asks someone else.
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As a result of these differences, It is reasonable to conclude that explanation

is significantly different from closely related subjects and disciplines., It is
therefore reasonable to treat explanation as a subject or discipline in fts own right,

and to seek to improve explanations by considering the differences between poor

explanations and good onres.
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10,
12,
13.
14,
i5.
16.
17.
18.
19,
20,

21.
22.
23.
24,
25.
26.

Chapter 4

Factors Affecting the Quality
of an Explanation

Qutline
A, Factors Related to Subject Matter

Context
Ideas Assumod Xnown
Common Properties and Relations

,» Theses

Repetition

Examples

Development o
Relations of Ideas to People
Self-Protection

B, Factors Rolated to Words

Spelling
Pronunciation

Wrong Words
Ambiguous Words
Fuzzy Words

Familiar or Strange Words
Frequency of Words
Length of Words
Connotation of Woxds
Vividness of Words
Word or Phrase

C. Factors Related to Sentences

Punctuation

Grammar

References of Words

Modifiers

Length of Sentences

Variety of Sentence Structure
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D. Factors Related to Paragraphs

27. Paragraph Length

20, Unity within Paragraplis
29, Cohexence within Paragraphs
30. ELmphasis within Paragraphs

E. Factors Related to the Whole Explanation

31, Unity

32. Coherence
33. Emphasis
M, Brevity
35. Tempo

36. Accuracy
37. Simplicity
., Style

F. Factors Related to the Audience

39. The Nature of the Audience
40. Importance

4l. Interesti

42. Entexrtainment

43, Motivation

44, Feedback

45, Effectiveness

G. Factors Related to the Explainer

46. Knowledge of the Subject Matter
47. Bmotional Attitude

48, Sincerity

19, Skill

50. Time Aveilable

51, Clerical Assistance

52. Assistance by Computer

In this chapter we suivey a large num »r of factors affecting the quality of

an explanatvion. In fact, we recognize 52 fac:ors; and certainly a resourceful

investigator could notice even more.

Are these too many to consider? 1 think not, Every now and then one of these
factors becomss crucial to the success of an explanation; and it is a help to the
explainer if he has recognized and thought sbout that factor ahead of tiwe. As

we said before, the first step to controlling some factor is to become aware that

it exiats,
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Aro 52 factors too many to hope to control? I think not, because many good
editors (soe the remarks by Philip Swain in Appondix 3) huve discovered aund do

control all these factors. Then what passes through their editing becomes good
explanation,

A. Factors Relnted to Subjoct Mattex
The first group of factors in regurd to the quality of an explanatlon are those
related to subject matter, the ideas and relations which the explanation deals with,

irrespective of the words and sentences that muy be used.
1. Context. One of the fixrst things an explainee needs to know is the context, the
branch of knowledge, the general subject, of the thing being explained; for example,

the context may be space travel, or stamp collecting, or customs at Eastertime in

Russia, or any one of thousands of different subjects. Knowing this, the explainee can

decide whether he is willing to listen or is not interested.
Poox Example: Newspaper headline: "“JANIRO OR FLOOD NEXT FOR GREEN"
Guess 11 Two men named Janiro and Flood axe next in line for a golf
contost -~ "“green" referring to golf,
Guess 2! Two men named Janixo and Flood have as their next preference for
some position a man named Green.
Right Answer, found out by accident months later: Janire, Fleod, and Green
are boxers, and the next match for Green was Janire or Flood
Good Example: Headline of an advertisement in a scientific magazine: "Do ycu want
to control brightness ..., measure light?" The advertisement went on with a dis-
cussion of instruments for this purpose,
The factor is the degree to which the subject or context is quickly and unmis-
tokably identified.
2, Ideas Assumed Known. The next thing an explainee needs to know is the group of
ideas assumed to be known and familiar to him. If the explairee finds that he does

know this group of ideas, then he can read ahead with some confidence tiiat he will
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understand the explunation, Whether or not explainees snlready know the group of
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ideas assumed known, it 1§ always a holp to give identifying information for ideus 3
ment ioned,

)

AL AT

Boolean algebrn of course was largely the creation of George Boole, and

LY e kiltd

'The Laws of Thought' Is a londmaxk in the development of the algebra of F
logie,

This example immediately roises but does not answor five questions:

i
i

What is
Boolcan algebru? Who Ls George Boole? What is the "The Laws of Thought"? What

is the algobra of logic? Is Doolean algebra the same as the algebra of logic? The

sentence will be clear only if the reader already knows a great deal,
Better:

Beolean algebra is a symbolic technique for oalculating with AND, Ok, NOT,

and conditions, It was largely the creation of George Boole, the great

English mathematician who lived 1815-1064. His book ‘The Laws of Thought'

published 1854 was a landmark in tvhe developmont of Boolean algebra,
This example of explanation answers:

What is Booleun algebra? Who is George

E

Boola? What is "The Laws of Thought"? and avoids the othexr two questions, because é
it leaves out the texrm "algebra of logic", which in faot sometimes has a different %
meaning from Boolean algebra. It repeats the term “Doolean algebra™, un the always %
useful principle of using the same term for the same idea, i
Some writexs of textbooks on English have maintained that i+ is monotonous and %
uninterasting to refer to the same idea always by the same expression, and they ad- j
vocate variation of expression, This thesis is partly right and partly wrong; where %
the writexr refexs to almost the same idea, & diffevent expression is a help to the i
explainee in making the diffexence cleaxr; where the writer vefers to exactly the 3
same idea, the same cxpression is an essential help to the explainee in making the %
sameness Clear. :
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G Example:
At the same moment another pirate grasped Hunter's musket by the muzzle,
wrenched it from his hands, plucked it through the loophole, and with one
stunning blow laid the poor fellow senseless on the floor. (Robert Louis

Stevenson, "Treasure Island")

"At the same moment another pirate took Hunter's gun by the mwzzle, took it
fxom his hands, pulled it through the loophole, and with a hard blow knocked
him senseless.”
"Grasped" and "wrenched" report differences that "“took" does not report.
The factor is: the extent to which the group of ideas assumed kicwn are carefully
and consistently selected and identified.
3. Common Properties and Relations. Often we can explain a strange idea by stating its
properties and its relations to familiar ideas. It turns out from a study of all the
ideas referred to by the common words of English (and other languages) that there is
rather a short list of common properties and relations. The list of common properties
and relations can be expressed in many different ways, but one form of it is given in
Table 1.
A more compact list, worked out at a much earlier stage of English than the stage
we are in now, is expressed in the six question-asking words of English:
Who? What? Why? When? Where? How?
If we try to explain a strange idea, the worth of our explanation can be largely
measured by the extent to which we report its common properties and relations. If
we omit some important properties and relations, our explanation is poor.
Sometimes, all the explanation of a strange idea that is needed may be found by
scanning the checklist of Table 1, and specifying the common properties and relations
that appear important,

Poor Example:

"Plutonium is a new heavy element."

- 2 -

b

FYT TRt

oy LAl

RETRULAREIToET * ROCT TR

o ] |




dialackad, |

T N T

- h

TN T T

_‘-,nKﬁﬂaﬁﬂ8MEﬂﬁgmﬁmﬂﬁﬂﬂmﬂﬁwmwuu—-m_mﬁ“ﬂ!ﬂ'ﬂﬂﬂﬁﬂﬂ!ﬂﬂﬂﬂﬂﬂ?‘

WRIEEN R, "

Table 1

COMMON PROPERTIES AND RELATIONS OF IDEAS «- CHECKLIST

Name, aidentification

Other names, repetition in other words, equivalents
Examples, instances

Definition, meaning, significance

Essence, theme, nature

Kind, sort, genus, species, class

Properties, nature, habjts

Similar things, related things, associated things
/posites, contrasts

Distinguishing characteristics

Things included in it, parts

Things of which it is a part

Context, environment, situation, field
Composition, material, substance
Structure, organization, construction

Activity, behavior, verb

Agents, doers, subject of verb
Products, object of verb, recipients
Manner, ways, adverbs

Size, dimensions, measvrements

Quantity, number

Variation, range, average, deviations
Shape, form; solid, liquid, or gas
Weight, density

Appearance, look, colox, luster

Sound, smell, taste, feel

Place, Iocation, position, extent, prevalence
Time, duration, age, persistency

History, origin, cauges, development

Future, results, effects, predictions

Purpose, function, use, worth, value
Advantages, disadvantages
Owners, users

Importance, relation to human affaivs
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Only three properties of plutonium are reported, and the words "new" and "element"
are rather ambiguous,

Better Example:
Plutonjum is a heavy chemical element, recently fdentified by scientists and

produced by the fisslion process from uranium. It is radioactive, and can be
atomic fuel like uranium and thorium. It is very poisonous io human beings.
In this explanation, seven properties of plutonium. are reported. Also, "mew" has been
replaced by "recently identified by scientists™ and "element™ has been replaced by
"chemical element", so that neither expression is ambiguous any longer.
The factor i{s: extent to which the common properties and relations of a strange

idea are all reported.

4. Theses. Often an explanation centers on a thesis, message, or proposition — and

there may be several instead of one, These are the gist or meat of the explanation:
they are what the explanation is to make clear. A thesis can usually be expressed by
any one of a large number of statements, some poor, some good. A good statement of

a thesis makes perfectly clear what fdea we are talking about, and what assertion

about the idea we are making.

Good Example:
My thesis is not that with cleser stuady of China we shall find little te

eriticize, but rather that through greater insight we shall be able to
analyze China's problems better, and thus create an atmosphere in which
we in our country can contribute better towards helping China solve her
problems.
The factor i1s: the extent to which the gist of the explanation is made

unmistakably clear.

5. Repetition, Often in an explanation, after an idea has been stated, even when

stated as clearly as seems possible, it is good to repeat it in other words, to

paraphrase it. This has twe advantages: the explainee is helped to form the idea
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or meaning in his mind, to some extent separated from the particular words that clothed
it the first time; and the explainee has additional time to allow the idea to sink
into his mind, to crease and groove it.
Example:
"to repeat the idea in other words, to paraphrase ft."
The factor is:

extent of repetition of key idea: using other words.

Examples, illustrations, instances, are essential in explaining. Over

6. Examples.
and over again we say "for instance?" or "give me an example", so that we can gain a
clearer idea of what is being explained. And giving an example of something X which
is a ¥, is extremely useful proof of the falsehood of a statemeant like "No X's are
Y's". We all form ideas in our minds by going from examples to supposed general rules.
Example:

The logarithm of a number is an axponent which put upen a base gives the

nunber. For example, if the exponent 3 is put on the base 2, the result

is 23. ? to the 3rd power, or 2 times 2 times 2, which is 8: 23 =68, And

s0, 3 1s the logarithm of 8 to the base 2: 3 = logy 8.
The factor is: extent to which an explanation uses examples.
7. Development. In the ccurse of an explanation, we need to present a group of ideas

one after another. The sequence, arrangement, unfolding of the ideas constitute the

"development” of the explanation. The understanding of a group of ideas is helped
by good development,

The development of an explanation needs to be easy to understand. This means in
most cases that the order to be used is an order based on one or more of the common
properties and relations shown in Table 1, Such an order is often called a “natural"
order, since it is an order connected with the nature of the idea.

A natural order may be based on relations, from simple to complicated; on distance,
from neaxby to farther away; on time, from early to late; etc.

Example:

The range of size of physical objects in the universe is equivalent to a
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scale from one to 1,000,.,..,,000 where a total of 39 zeros have been placed
after the numeral 1, One of the smallest physical objects is u proton,
elementary particle of positive electricity. The largest physical item

is the distance to the farthest observed galaxy or spiral nebula. The
galaxy we are in is the Milky Way; its size is represented on the scale by

1 followed by 34 zeros. On this scale, a man is represented by 1 followed

by 15 zeros.

Here the development is based on distance, but the sequence is: smallest distance;
largest distance; then the distance belonging to the commonest example of a special
term which could not be avoided (galaxy); and finally the distance belonging to one
of the commonest of all items (man).

The factox is: quality and degree of natural, reasonable development.
8. Relations of Ideas to People. People are more interested in themselves and in
other people tham in anything else. This is both natural and true, ;

This statement is recognized in measuring the readability of writing, A standard i
factor in measuring readability is the proportion of "personal” references. What is :
"personal”? The references counted as personal are: the names of particular persons,
like Alexander Graham Bell; personal pronouns, like "his, her, I, you"; masculine f
words like "nephew"; feminine words like "wife"; the two words "people” and "folks".
References to persons of indefinite sex, like "student", or who may or may not be
flesh and blood, like "buyer", and pronouns of indefinite reference, like "they" in
"they say", are not counted as personal.

But a deeper and more significant personalizing of ideas consists of making clear
the importance of the idea, of telling how closely it affects human beings and
particularly you, the reader, the explainee. Advaniages, disadvantages, uses,
possibilities, values, purposes, results, applications -- these are the reasons why

you give some idea attention, why you listen to some explanation. To make the im-

1o vl

portance of an idea clear is part of teaching, the part called "motivation”, giving

a student a motive for learning somethiny; and nearly all of his motives resi on the
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way the idea will affect him and his {uture,

Two of the persons concerned in explanation, of course, are the writer or ex-
plainex and the reader or the audience. It is often useful and sometimes necessary
when explaining to mention the wri.er and reader. The best way is to use "you, I, we",
almost as if you and I were talking, though avoiding some colloquial expressions
that grate on peaple's feelings when seen on paper., Most textbooks nowadays are
written using “you, I, we" all the way through. Old-fashioned expressions, "the
student, the reader, the author, the undersigned” and other similar formal expressions
are becoming more outdated all the time.

A still more valuable way of showing the relations of ideas to people is by
illustrating the idea with a vivid scene, actors, and dialogue. Even if the action
and talk axe only barely convincing, the idea is often well explained. Rudolf Flesch
says in "The Art of Readable Writing" (Hexper's, 1949): "There's nothing on earth
that cannot be told through a hero ~-- ox hexroine -- who is trying to solve & problem
in spite of a series of obstacles. It's the classic formula.”

Poox Exanple:
It is easy for one to despise what he cannot get.

Good Example:
One hot summer's day, 2 fox was strolling through an orchard till he came
to a bunch of grapes just ripening on a vine which had been trained over
a lofty branch. Just the thing to quench my thirst, quoth he. Drawing
back a few paces, he took a run and a jump, and just missed the bunch.
Turning round sgain, with a One, Two, Three, he jumped up, With no greater
success. Again and again he tried after the tempting morsel, but at last
he had to give it up, and walkad away with his nose in the air saying: I
am sure they are sour, (Aesop)

The factor is:i extent of relatedness to the interests of people, and actual

references to people,
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9. Self-Protection. In an explanation, the writer may be expressing ideas which he
is uncertain of or which are unpopular, Undexr conditions like these, terms intended
to protect the writexr creep into the explanation: “informed circles report", "White
House spokesman", "some people think", "apparently", "alleged", "“it is rumored that".
An excess of caution has spoiled many an explanation.

A general hedge at the start of an explanation ought to be enough: "The informa=
tion expressed in this report has not yet been completely verified, and we shall be
grateful to any readexr for his comments ox criticisms.”

The factor iss extent to which phrases protecting the writer do not hamper the

explanation.

B. Factors Related to Woxds

The second group of factors we are concerned with are those related to words,
the most iﬁbortant of all tools used by human beings foxr explanations.
10, Spelling. Logically, an explanation should not be much affected by so minor a
detail as the spelling of the words contained in it. But practically, misspellings
distract attention from the explanation, and therefore need to be avoided.

The factor is: absence of misspellings.
11. Pronunciation, Our ears are sensitive to sound patterns. In poetry, we expect
rhymes, alliteration, and other types of musical sound patterns, and enjoy them,
But explanation is prose, and sound patterns, such as occux in "of differing diffi-
culty", axe distracting, and need to be avoided.

The factor is: absence of conspicuous (and distracting) sound patterns.
12 to 15. Meaning. Many books can be written, and have been written, on the meanings
of words, It is an immense subject. For purposes of a ¢guide to explaining, however,
the subject is narrower. Our problem is to select and arrange words so that the words
will have only one meaning, and the explainee is very likely to undexrstand that mean-

ing. We shall assume that we know the meaning we want to convey.
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In regard to meaning, we encountex essuntinlly four kinds of problems: wrong

words; ambiguous words; fuzzy words; and strange words.

MR AT e g

12, Wronq Words. When we know the meaning we want to convey, the first word we think
of quite often makes us say to ourselves "No, that's not it; that word does not fit."
S0 we xack our brains, look in a dictionary or thesaurus, consider related words, and
finally choose a word or a variation of phrasing that seems to fit our meaning.

But it is not always true that there is one right word, Somet!mes English con-

tains no single suitable way to express an idea, even a defirite, well-known, and

common idea. Then, depending on the circumstances, we are compelled to use different

expcessions for the same idea.

Example., A definite common idea that needs a single expression and does not have it

is "or equivalently”" or "oxr in other words". I often want to say "A, or equivalently

B" when I wish to indicate that A and B are two terms both meaning the same idea that -
1 am thinking of, And I mention B as close to A as possible so that you the reader

will be as likely as possible to select a meaning which is common to A and B, Now the

trouble with both the phrases "or equivalently" and "or in other words" is that they

GEPLTIA 2 e o e it i M B IR R I I

are long, and therefore have a tendenoy to be confusing in a short sentence which uses

SR AT

them;

We know the meaning, or equivalently idea, thai »e want to convey.

A TR, R

To express this relation, therefore, sometimes I use apposition, the two ideas written
right next to each other and separated by commas:

We know the meaning, idea, that we want to convey.
Or 1 may use just plain “or" by itself, hoping that the context will show that I intend
here that the meaning of "or" be "or equivalently" and not "or alternatively":

We know the meaning or idea that we want to convey.
Or I may put the second term in parentheses or between dashes:

We know the meaning (idea) that we waat to convey.

We know the meaning -~ idea -- that we want to convey.
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Or I may use that rather convenient Latin abbreviation “i.e." meaning "id est”,

o

"that is™:

Y N P T BT T T TR ;J',Y,"'-W',»'Jﬂ
i

We know the meaning, i.e., idea, that we want to convey,

If English were mathemutics or symbolic logic, I could define and adopt a shoxt
word or symbol that would have the precise meaning "or equivalently". But since
English does not provide for the invention of new words in this particular category,
all we can do is hope that as English evolves over the next few centuries, usage will
crystallize out and distinguish "or equivalently” from “or aliernatively” just as

"off" was thus distinguished from “of".

N IO EGN A0 10 i e, v 0

The factor is: absence of wrong words.

13. Ambigugus Words. Second, after we have put down words in an explamation, and have
read them over to cheok them, we often notice possible other meanings that we did

not intend: we find that our woxds are ambiguous. In real life our listenex says ;

to us, "Oh, I thought you meant ...."
E Ambiguity happens because a great many words have many meanings, and different
' people will think of different meanings. A common word with many meanings, for example,

' is "line”. In a large dictionary, you will find listed moxe than {ifty.

The great determiner of the meaning of a word when used is the context, the associa-
tion, in which it is used. Aund as soon as we detect an ambiguity, we change either
the word or some part of its context, and generally succeed in removing the ambiguity.
o In fact, it is not very difficult to correct ambiguity provided you succeed in observ-
ing it,

The factor is: Absence of ambiguous meanings.
14. Fuzzy Words. Third is the problem of fuzzy words, words which do not convey clear
ideas, but large collections of ideas all somewhat related. Some of them are long
words and phrases, fairly abstract ones, like “democracy, facility, proviso, engineer-
ing principles, major inflationary advance". Others are short words which have a

great many meanings like "take, _et, draw”",




i
;

Long fuzzy words und phrases are a disease in muny types of writing, especially
in guvernment regulations, legal arguments, business writing, engineering papers, eto.
But the disease is coming under control as u result of such books as Flesoh's “"The
Axt of Plain Talk" in the United States, and Ernest Gowexs' "Plain Words" in England.

Shoxt fuzzy woxds become a problem in Basic English, the vocabulary of about 1000
English woxrds proposed around 1926 by the English soholar C., K. Ogden as an inter-
national language and for helping foreiguers learn English. For, Basic English makes
one of its greatest simplifications by reducing the number of verbs to a total of 19,
which togethex with adverbs like "out" and prepesitions like "up" produce many other
neoded meanings of verbs: "put up, put out, get up, get out, take up, take out",
Example:

“"Another question you will put is this: Why are all the banks not to be
open again at the same time? The answer is simple, and I am cextain that it
will be clear to yout Your government is not ready to let the events of the
last years take place again. We have no desire for, and will not have,
another outburst of bank smashes." <{A statement expressed in Basic English,

from C. K. Ogden, "The System of Basic English")

Another question you will ask is this: Why are al) the banks not to be
reopened at the same time? The answer is simple, and I know you will under-
stand it: Your government does not intend that the history of the past few
years shall be repcated. We do not want and will not have another epldemic of
bank failures,” (Speech of President F. D. Roosevelt, March 12, 1935)
As we ruad and compare these two examples (Ogden's being a translation of Roosevelt's),
most of us will prefer "repeat" to "take place again", "epidemic" to “outburst", and
"bank failure" to "bank smash®.
Then there is the class of fuzzy words which are altogether clear and acceptable

in ordinary writing, but which just don't convey enough meaning when you or I try to
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OarYy out operations in the real world:
Poor Example:

"Bake the biscuits in o moderately hot oven, until they are light brawn."
Says the pooxr bride, "What in the woi'ld is moderately hot? and I don't have a window
in my oven, and I can't tell when they become light brown."
Better:

"Bake them in an oven at 3350 degrees for eighteen minutes."
In the field of indoor gardening and potting house plaants, I still have not found out
when soméihing or other is “rich garden loam™ and when it isn't,

The factor is: Minimum of fuzzy words, and maximum of words with meanings that
are cloar, accurate, and able to be applied.

15, Familiar or Stranqe Words. Fourth is the problem of strange words, words that are
unlikely to convey meaning to the reader.

It is important when writing explanation to have a clear and vivid idea of the
typical reader of that explanation, and to use words which will be familiar to him
and not strange.

A word can have just the right meaning and yet be so strange and unusnal that it
can hardly be used in explanation.

Example:
“"She was wearing a wimple."

A wimple is a covering around a woman's head and neck used in the time of Chaucer, and

still used in the dress of some nuns. But this sentence will almost never convey meaning

to a reader,

Such words and phrases are sometimes celled “COIX" since they are "Clear Oaly If
Knowm".

By using cextain kiuds of English constructions, however, we can mention a strange
word in such a way that a reader can guess just about what it must mean.
Example:

"In poetry, we expect rhymes, alliteration, and other types of musical

- 36 -




TR

DA e L

WIS MR O

|
|
g
!

3

R M M I IR R SO TS AV e oo oo

sound patterns."
This kind of construction makes clear (ut the least) thut slliterution is a musicul
sound puttern expected to accur in poetry. -
The factor ist minlaum of words that are strange to the audience and used in con-
structions wiere their meaning cannot be guessed,

16, Erequency of Words. A good gulde to the fumillarity of a word is its frequency of

occurrence, Many extansive counts of the occurrence of words have now been made.
Sevexal axe repoxted in "The Teacher's Word Book of 30,000 Words" by E. L. Thorndike
and Ixving Lorge (New Yoxrki Teachers College, 1944). This book reports counts totaling
about 18 million word occurrences, and tells how frequently each word in the first
30,000 occurrad.

But for most purposes of explanation we already know enough to distinguish commen
and uncommon words on sight, and we can refer to the Word Book from time to time as we 3

would a dictionary.

The factor isy large proportion of common words and small proportion of uncommon

words,
17. Lenqth of Woxds. Another good gulde to the familiarity of a woxd is Lts length.
The usual convenient measurement of length is number of syllables. In general, short,
one-syllable, words are the most familiar, long, muny-syllable words src the strangest,
In explanation, we can try consistently to use the shortest word for ¢ach idea.
For example, "necessary” is four syllables™; "required" is two syllables; while "need”
is one syllable, and has the added advantage of requiring us to mention the somebody
who needs the something.
The ractor is: large proportion of short words.
10, Comotation of Words. We are all aware of the connotation of words., A man usually
speaks of his work as "my job". His pe-sonnel director usually speaks of a “position
available™. The president of the company is likely to speak of "the employment which

our company provides”. Tho dictionary carefully labels the connotations of many words
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=8 "slang, colloquial, dialect, poetical," etc. Some four-lettered Anglo-Saxen words
which nearly everyone knows cannot be written in print except by novelists who have

becvsme great successes. L

The connotation of words not only reflects social class and attitudes but alse
triteness or freshness of expression. How fast? As fast as lightning. How cool?
Cool as a cucumhbex. How happy? Happy as a lark. We think the speaker lazy, and
without imagination.

Twenty years ago writing was much more “ormal than it is today. Nowadays the
spoken language is much more used in writing. Reudability experts tell business men
"Nrite as you talk"; they even say "Write like you talk".

The idioms of spoken language of course are useful because they help people to
explain in the way they know best. But your success with this maxim depends on your

audience, the group of readers you desire to read what you write. For a wide group

of readers, includirg people who will be distracted if you use ™like" as a conjunction,

we might phrase the maxim "Write the way you would talk carefully”,
The factox is: extent of appropriate connotations of words.

19, Vividness of Words. Another scale on whick words can be measured is whether they
are vivid, picturable, active, concrete, or on the other hand c¢olorless, unpicturable,
passive, abstract. We can often translate ideas into vivid, picturable words. The
presence of "is a fact, has been made, has taken place, has occurred" and the like is
nearly always a sign that some verk has turned into a noun, and shouldn't have. The
presence of "-tion, -ment, -ance”, and quite a few other suffixes and prefixes are
often signs of luscious ideas that have been thrown away in ver'iage,
Example:

Ky detestation of parsnips is a long-standing and undeniable fact.
Better:

I have always hated parsnips.

The facter is: proportion of vivid, active, con:svete words.
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20, Word or Phrase. In oxrder to refer to an idea, we often have a choice betwden

using a single word or using a phrase made up of several words:
"The Decline and Fall of the Roman Empire" or "The Decline of the Roman
Empixe®

Doesn't "decline” include "fall"?
"The origin and development of ..." or "the development of ...":

Doesn't a discussion of "development" include a discussion of origin?
"I am writing you in regard to your letter of March 3" er "I am writang
about your letter of Maxch 3.

Doesn't the one word "about" do the work of "in regard to"?

People invented the phrase in order to express ideas more exactly, or to give

greater prominence to an idea that might othexwise not receive sufficient attention.

But people often use a phrase when they don't have to, and when it slows the quick

pexception of the idea in the reader's mind. And in some explanations, long phrases

ate used instead of single words so often thai readers are distracted and annoyed.

Examples

"People invented the phrase in order to express ideas more exactly.”

Less Clear:

"People invented the phrase to express .. :s more exactly."
Here the grammatical structure of “to express ideas” is no longer clear; in this
sentence it can be adjectival, modifying "phrase™; or it can be adverbial moedifying

"invented". So the single word "to" instead of the phrase “in order to” is here no

gain.

Betterx:

"To express ideas more exactly, people invented the phrase."

The factor is:1 abs2cce of phrases where single words would serve as well.

C. Factars Related to Sentences

21. Punctuatign, Punctuation is rather completely governed by rules; and the rules
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are given in style-books, dictionaries, and textbooks on English., Conformity with
the rules is a help in understanding an explanation, and departure from them is a
distraction to the reader, and sometimes hides meaning.

The factoxr is: absence of mistakes in punctuation.
22. Grammar. Essentially, grammar consists of the rules of language for turning col-
lections of words into Sentences, and enabling them (0 assert a statement. Here again,
the rules are rather completely fixed, and conformity with the rules is a help in
giving information and receiviry it.

In some areas, however, people today are changing grammar. A famous example is
the split infinitive.
Example:

"He faiis to completely undersiand grammar."”

The adverdb "completely" splits the infinitive "to understand”. In this particular
sentence there is no other good position for the word "completely". "He fails tom-
pletely to understand grammar" and "He fails to understand grammar conpletely” are
ambiguous, and “Hie fails to understand completely grammar" is a barbarous order of
English words. |

Schools used to teach tuae rule that you were not allowed to put any word between
"to".and the infinitive verb following it. This is a silly rule, and authorities
have shown that tke rule was never true of English, and that it got into old grammar
books by a mistake made through ignorance, and has been copied ever since by people
who should have inowa better. But many people still believe the rule without ques-
tioning it; and if you are writing for an audience which includes such people, it is
wise to take thei.r belief into account, and not distract from your message by splitting
an infinitive,

The factor is: absence of mistakes in grammar.

23. References of Words. A property of sentences which has a big effect on the clarity

of an exylanation is the references of words. We are all of us of course familiar with
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the need for making a pronoun such as "it" refer to the last-mentioned noun. But all
too easily we can fall into the trap of writing a sentence like:
Example:
"For each person, the associations that cling to a word are very different,
hecause actually meaning isn't in the word -- it is in the head of the
person who hears it or uses it.”
In this example, the word "it" occurs three times. But the reference of "it" is not
systematict at the first use, "it" refers to "meaning"; at the second and third uses
"it" refers to "word". This kind of confusion of reference requires a reader to stop
and mentally unscramble the sentence.

This is really a much bigger probiem than just the problem of reference of the
pronouns "I, you, we, he, she, it, they", Other words for which references need to
be clear are "which, this, yes, no, to, do, so", as in "I would like to", "I do",

"1 should say so".
Examples

"This is really a much biggexr problem than just the problem of ..."
What dees "this" refer to? It apparently refexs to "the problem of references of
words". And it is not clear whether the "this" clearly accomplishes that reference;
it would be better to write "the probiem of references of words is really a much
bigger problem than just the problem of ..."”

In fact, any word or phrase used a second time in a discussion may carry reference
to the ideas associated with its first use,

Exampler
"Ouz ship steamed slowly up the bay, and the pilet came aboard from his small
ship. Then the ship proceeded towards the mouth of the river."
In the second sentence, what does "the ship" refer to? Probably "our ship"™ -- but it
could refer to the pilot's ship, which of course must follow along so as ta take the

pilot off again.

- 41 -




kB il

The factor is: minimun of ambiguous references.
24, Modifiers. In sentences we find two kinds of modifiers: words, phrases, or
clauses, that modify the meaning of other words or phrases. One kind of modifiex
is restrictive, narrowing the meaning of the idea that is modified and producing a
new, more limited idea, The othexr kind of modifier is nonrestrictive; it adds an
i idea, and r~ally makes an additional assertion. You can't drop a restrictive modifier
§ out of a sentence without completely altering the meaning. You can always drop a nea-
restrictive aodifier out of a sentence, and often improve the sentence thus making it
sharper and clearer.
Exsmple: (from the announcement by a large univexrsity of & two-week course on computing
machines)
"Versatile digital computers can quickly and reliably solve the censtantly
§ increasing problems posed by the large amounts of numerical and .lphab:tical
infoxmation arising in scientific and engineering calculations, in Lusiness
: accounting and logistics problems, and im military control and strategical
work."

This sentence, as is easy to see, is clogged with modifiers: "Constantly increasing”

is a non-restrictive modifier, a remark thrown in and not necessary. T“Numerical and

alphabetical™ is a non-restrictive modifier, a remark throwm in and not necessory.

"Quickly and reliably": the "quickly™ may be necessary; the "reliably" may not be

necessary, ~- for is a problem solved if it is not reliably solved? "Digital” is

a necessary restrictive modifier. But the word "versatile" should apparerily be re-
placed by the word "automatic", because it is necessary to exclude desk calculating
machines cperated by a clerk and to refer to automatic computing machines that run

by themselves for hours at a time.

E
s
r
E
¥

Restrictive modifiers are part of the tools for defining what we are talking %
about. How often do we need to repeat them? A goed procedurs generally is to take a

fairly common word, give it some special meaning $» as to refer to the defined idea,
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and then use it consistently to refer to that idea.

Example:
In the study of language, one of the technical terms is "phoneme™, meaning
"a gignificant sound of the woxds of the language". English has 43 pho-
nemes by one count, such as the sound of "ng" heard in "“sing" and "hung",
the sound of "t" expressed by the "ed" in "crisped", etc,

Instead of using "phoneme™ throughout this explan-~t on, it is sufficient to use the

word "sound”, as a shorteaing of "significant sound of English”.

Mon~-restrictive modifiers are essentially the subject matter of additional sen~
tences. For the sake of vaxiety of sentente structure, we may make one sentence out
of two or throe nonrestrictive modifiers. But we are ordinarily auite free to combine
them ox separaie them as we like best.

The factor is: extent of good use of restrictive and nonrestrictive modifiers.

25, Length of Sentences. Just as the length of woxrds is measured in syllables, so

the lenytih of Sentences is measured in words. Both the length of words and the length
of seutences arz importsnt readability factors. According to the studies of Rudolf
Flesch, about B woxds is the average length of sentences in comic strips, and about

29 words is the average length of sentences in difficult technical writing, while an
averags of 17 words is correlated with good average writing that is easy to read,

“nis i§ only one half the story, hcwever. How do we make long seniences shorter,
and how do we make short ssmtences longer?

A sentence can easilv be broken into two or more sentences. The chief breaking
poiats o look for are words like "and", "or, "which". Even a leng sentence of the
form "if A, and B, and C, then D and F" can be broken into: "Suppose A. S5un.asc B,
and C. Then D. And also E.™ 1ia geneval any part of a sentence that seer: .0 be too
leng can be broken off.

Exawple: The seatence in the previous example can be broken i. two as fo''c.a:

"Versatile digital computers can quickly and reliably solve ti: con-
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stantly increasing problems posed by the large amount of numerical and
alphabetical information axising in many areas. These areas include
scientif ic and engineering caiculations, business accounting and logistics
problems, and military control and strategical work,

Coubining short sentences into longer ones iz discussed as "suboxrdination" in textbooks

on Englisk.

The factor is; average length of sentence, arvound 17 to 20 words, and vaviety of
Sentence lengths.
20. Naxiety of Sentence Structuxre. Textbooks in English distinguish betweca sentences
which are simple (one subject and one pradicate), compound ‘iwo simple sentences joined
by a coordinating conjunction), and complex (any sentencz containing a subordinate
clause) . This distinction is one of tne elements ¢f variety in Sentence structure.
But there are many more elements of variety: presence or absence of lists of ideas
in a sentence; contrasts between ideas: the location of modifiers; the choice of
relations between ideas to be expressesd; etc.
Examples:
A photographer making an exposure in dim light opens the iris of his camera.
1f a photographer desires to make an exposure in dim light, he will open
the iris of his camera.
A photographer willapen the iris of his camera in ordexr to make am ex-
pasure in daim light.
A photographer opens the ixis of his camera and thus prepares to make an
exposure in dim light.
Variety of sentence structure affects explanation, because a reader is distracted,
e¢ven anncyed, by monotony.

The factor ist presence of variety of sentence structure.

D. Factors Related to Paragraphs

The next larger unit of explanation after sentences is paragraphs.
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27. Paraqraph Lenqth. The length of a paragraph is usually measured in numbexr of
sentences. Studies of readability show that the length of paragraphs has an effect
on explanation. The longex the paragraph, after four or five sentences, the harder
it is to read. 7The shortest a pavagraph can be is one sentence; and although we have
all seen excellent examples of paragraphs consisting of only one sentence, it would be
a waste of the usual mental pause between paragraphs to make thiem all one sentence
long.

The factor is: variety of paragraph length, usuully between two and six sentenc
28, Unity within Paragraphs. It is rathex hard for a sentence not te have unity,
because every sentence is closely linked with the basic pattexrn of assertion: a
subject, about which we are going te assext something, znd a predicate, that which
we assert about it. DBut il is rather easy for a paragraph not to have unity, because
ideas must change fr.m sentence tu sentence in the paragraph, aad yet there must bs
a central idea around which 2]l the sentences in the paragraph cluster., Hence in
paragraphs we have to work to accomplish unity.

The chief expression of unity in a paragraph is usually the "topic sentence”, th
sentence which expresses the central idea or topic of the paragraph. Sometimes it
is at the hegrnning, sometimes in the midd)e, sometimes at the end, and sometimes
implied and not written, The other sentences in the paragraph develop the central
idea.

The factor is: presence of unity in paragraphs.
29, Coherence of Senteaces. In a paragraph, the reilations of scntences one alter
anoiher makes an explanation either easy or hard to follow. Some of the relations
between sentences are expressed externally either by conjunctions "and, since” or
by connectives "for example, however”, But the most important relation between sen-
vences is the internal linking of ideas between them, which needs to be reasonable
and clear. The connection of the ideas, the internal linking, is basic; and many
writers who succeed in showing the Ianternal linking leave out the "for example" and

the "however™.
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Example: In the previous paragraph, the internal and exiernel connections between
the five sentences ure:
(1) the topic sentence, about relations of sentences;
(2) external expression by connectives is one kind of relztion; but
(3) internal expression by linking of ideas is another kind of xclation;
(1) the internal linking is basic (a comment); and
(5) often leads to the omission of external connectives (another comment).
The factor is:t degree of linking of ideas from sentence to sentonce within para-
graphs.
30, Emphasis within Paragraphs. In a pauragraph, the first and last sentences have
the most important positions. It is natural to give these positions to the most im-
portant sentences.
The factor is: extent to which sentences are appropriately emphasized within

paragxaphs.

E. Factors Related to the Whole Explanation

The next larger unit of explanation aftevr paragraphs is generally the whole
explanation. Sometimes with books, there are in-between units ~- sections, chapters,
parts, outlines, zto.

The factors of unity, coherence, and emphasis apply over again to the larger units
of explanation, and are important. But there is not much gdvantage to discussing
them over again, We Shall just list them:

Factoxr 31: Degree to which the whole explanation possesses unity,

Factor 32: Degree to which the whole explanation is coherent, well-organized.

Factor 33: Degree to which there is appropriate emphasis in the whole explanation.
34, Brevity. An explanation, unlike some other kinds of writing, should be short.

1t is worth remembering that it should he "like a woman's skirt, long enough to cover

the essential points, and short enough to be interesting.”
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Ways of shortening expl.nations inolude: tables, lists, diagrams, charts, plctures,
working models, movies, sample pructice situations, appendices, etc. You or I may at
times not be able to use some of these devices, because they cost too much or we can't
get hold of them; but we should nlways consider them. And it is always a good ideo
to remove any large quantity of data from the writing that people are expected to
read, and put the data i.. tables or lists where those interested can refer to it.

The factor is: degree to which the explanation is no longer than needed. i

gl i

35, Tempo, By the tempo of an explanation, we mean the rate at which we present im-

portant ideas in the course of the explanation. We can recognize compact explanation,

g

where the important ideas are packed closely together; and loose explanation, where

the important ideas have a great many easy words and ideas between them, padding. From

general expexience, we kinow that people have to be given time to absarb important
ideas, and quite often, we give them the needed time by putting many easy ideas in
between the ideas to be absoxbed. 3

Example:
In the previous paragraph, there are three main ideas to be absorbed:

tempo; close-packed explanation; loosely-packed explanation. And the
rost of the words are padding to give readers more time to take in the

three main ideas.

The fuctor is: degree to which the tenpo of the explanation is well adjusted o
the readers.
36. Accuracy. The accuracy of an explanation is extremely important. This means:
telling the truth carefully; choosing words that say no more than the truth, avoiding
exaggeration; selecting the appropriate truth te be told; and reporting the truth in
an unbiased way., Upon this factox depends the eXtent to which people can rely on the
explanation,

The factor iss extent to which the explanation is accurate,

37. Simplicity, The simplicity of an explanation is of course also important. For
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exsnple, an explonation is likely to be simple whén you choose aimple and familiax
examples to make your general statements cleaxr. If I want to explain the ides
"integrol" from caloulus, and can use as a familiar example water flowing into @
bathtub, my explanation has an increased chance of being simple,

Probably nearly every facet of an explanation is open to the effort to make it
simple.

The factor is: extent to which the explanation is simple,

38, Style. The meaning of "style" which I intend here is staied in the Shorter Oxford
English Dictionary:
"The mannex of expression characteristic of a particular writer, or of a
literary group or period; a writer's mode of expression, considered in
regaxd to clearness, effectiveness, beauty, and the like. -- Those fea-
tures of literary composition which balong to foxrm and expression rather
than to the substance of the thought or matter expressed.”

Clearly, we have already covered some of the characteristics of writing included
in style, Many other characteristics, including for example, the precise use from
time to time of wunusual words, smoothness of flow of words, etc., we have not covered.
S0 let us place all of these chaxacteristics into a final group of factors, which we
shall call o single facior "style", We cannot easily meusure them but we can notice
that they exist.

The factox is: Presence of a pleasing style.

F. Factors Related to the Audience
39. The Nature of the Audience. Probably the most important of all the factors af-
fecting an explanation is the nature of the audience. In other words, whe are the
people you ave explaining to? What are their characteristics? Exactly the some
explanation can be almost perfect for one audience and almost useless for another.
The nature of the audience, the characteristics of the audience, are: what they

know, what they think about, what they are interested in, what words they understand,
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whut words they don't understund, whut stutements they will accept, what statements
they won't accept, etv  All these audience charactoristics influence yreatly the
explanation to be composed.
As Philip Swain says in his "Giving Power to Words" (see Appendix 3 to this
report):
The first rule of good writing is to know your reuder -- wipo he is, how
he thinks; what words he uses, what words he understands; what interests
him, what bores him; wherein he is smart, wherein Stupid,
And later he says:
Note the many languages within our lunguage. The colleye [resimun learns
that "the moment of force about any specified axis 15 iho product of the
force and the perpendicular distance from the axis to the line of act ton
of the force." Viewing the same physical principle, the engineer suy;:
"To lift a heavy weight with a lever, a man should apply hiec strength
to the ond of a long lever arm and work the weight on a short lever arm."
Out on the factory floor the foreman shouts "Shove that brick up snug under
the crowbar and get a gaod purchase; the crate is hoavy." The salesman
says "Why let your men kill themselves iieuving those boxes all day long?
The job's easy wilh Lhis new long-handied pinch bur. Wilh today's hign
wages you'll save the cost the first afternoon."
Furthermore, the audience consists of readers who are looking at thelr wrist
watches. They are people who don't want to stay any longer than they have to or are

inclined to.

The factor ist degree to which the explanation is adapted to the nature of the

audionce,
40, Lmportance., If something is really important to an audience, they will give it

much attention.

No words at all are needed for oneof the mast importanr explanations that any

) 13 .
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audience ever roceives: a loud neise, a honk, a bell, is enough on the right occasion
to tell an audience "look out, danger, you may be run over."

Even on less urgent eccasions, important subjects peorly explained will receive
much attention.

The factor: importance of the subject matter to the audience.

41. Interest. 1f somcthing is really interestingto an audience, whether oxr not it is

important, the audience will give it much attention. In Msy 1927 a U.S. air mail pilot
crossed the Atlantic alone in an airplane, flying 3600 miles in 30% hours from New

York to Paris. Everybody became excited. On his return he was welcomed by the President
of the United States and was raised in rank from Captain to Colonel Charles A. Lind-
bergh.

When ar overwhelmingly interesting event happens, newspapers fill theixr pages
with dozens of stories about various aspects, The explanations may not be very good.
The stories may be poorly written and not worth reading in calmer moments. Yet the
daily audience reads and reads, and is hungry for still moxe information.

Interesting subjects poorly explained will receive much attention.

The factor is: interest of the subject matter to the audience.

42, Entertainment. People like to laugh and be entertained; and many kinds of expla-
nation can be highlighted with jokes and stories, A story judiciously chosen can
produce an amazing impact on the minds of readers. Someone came rumning to tell Win-
ston Churenill that Lindbergh had fiown the Atlantic alone in a plane, and he said,
"Well, I would be more surprised if a committee had done it". 7Th*. story has stuck
in my memory for more than 30 years. But too good a Story produces a riski the
entertainment may be distracting; you may even get some readers who will skip the
serious parts of your explanation, ir the same way as the minds of TV listeners
become more and more accustomed to ignoring the commercials.

The factor is: presence of an appropriate amount of entertainment,

43. Motivation. Au explanation needs to give readers a motive for reading. If you
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can make a readexr really wont to read, hardly anything will drag him away. 1f vou
fail to wotivate him, his attention will wander in less than a minute.

Basically, the motive we appeal to is alwavs the same, 1t consists of evidence
of the close relation of the ideas in the explanation, to ideas that the readers ure
much concerned with. Motivation consists of making clear at the start and continually
the intimate relation of the ideas offered to what people want.

The factor ist presence of motivation,
44. Eeedback. Explanation should be produced for an audience that can freely register
approval and disapproval, who can provide feedback, This is not true for many business
writers who write regulations or advertisements, and many scientists who write papers
or give addresses in scientific meetings, They have a captive audience or an audience
that cannot be obsexved; so they produce many kinds of atrecious explanations, So,
if you have a choice, you should preduce your explanation in such a way that many
readers can freely say they like it or they don't like it, and can provide information
to you so you can adapt your explanation to them,

The factor is: presence of feedback from the audience.
45, Effectiveness -~ Does It Work{ Finally, un explanation cen be tested for ef-
fectiveness on the audience: does it woxrk? If the readers can do something they could
not do before, or answer questions that they could not answer before, then the explana-
tion has worked.

The factor is: degree of effectiveness of the explanation,

G. Factors Related to the Fxplainer

46. Knowledqe of the Subject Matter., Every explanation depends on the knowledge that

the explainer has of the subject he is seeking to explain, This knowledge needs to be
broad and deep, broader and deeper thanm just the territory of the topic being explained.
As an explainer you must be able to draw from much knowledge, experience, and thought,
so that among all the possibilities of developing or clarifying a topic, you can aptly

ciicose those aspects which fit best to your particular task at the moment., The
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- audience needs to have the feeling about you, "That guy ¥nows his stuff.”

The factor is: Droad and deep knowledge of the subject mutter.

% 47. Emotional Attitude. An explanation also depends on the emoticnal attitude of the

-
I
B O LI L Pesti g

explainer towards the human beings in his audience. If you like them, are intrrested

in them, look on them as your friends, and are eager to share your ideas witan ihem

[ERL LN

and make them clear, then the audience ancquires a very comfortable and friendly
feeling about you as an explainer. And human beings are very quick to detect the

opposite -~ in the turn of a phrase, in the choice of an expression; they notice

almost immediately condescension, or snobbishness, or impatience, or annoyance over
the bother of having to explain, etc.i and they have a tendency to depart quickly
from such explainers.

The factor is: presence of a warm emotional attitude by the explainer towards
his audience.

48, Sincerity. Another factor in explanation is sincerity, Do you sincerely believe

GRS 80 o b |1 e I b O R0 SO BRI

what you ave explaining? If you use high-sounding words or false-sounding claims, or

if you suggest that you are saying things that you don't yourself believe, you are

R

likely to turn readers away from your explanation.

g The factor is: presence of sincerity in the explanation. f
49, Skill. An explanation depends on the skill of the explainer. Some of this skill

. ; comes from an awareness of the factors on which the effectiveness of an explanation

E - depends. But even more comes from such things as: a good knowledge of human behavior; %

E

vractice in expression and in writing; and practice in explaining where there is
feedback. ;
The factor is: presence of skill in the explainer.

50, Time Available. An explanation requires a sufficient amount of time: time for

the explainer to make the ideas clear, time for the audience to absorb them, also if

possible, time for interaction between the audience aund the explainer. Some explana-

[RTRTOwN

tions ave doomed to failure, because there is inadequate time for them.
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The factor is:i sufficient time to give and absorb the explanation.

51 and 52, Asgistance == bv Clevk and by Computeyr. An explainer can benefit greatly

from certain kinds of assistance by intelligent clerks and hy computer programs.
This assistance can enable hii to: keep track of the words he is using; make sure
that each word not known to the sudience is expluined preope:-ly: make sure that
examples and definitions are given; etc.

The factor is: assistance in the clerical details of making good explanation.
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Chapter 5

The Classes of Words

for Explaining

Outline
1., Words as Instrumonts for Explsining
2. Well-Known Words
3. Short Words
4, C. K, Ogden's "Basic English®
5. A Vocabulary for Explaining -- Another Approach
6. The Words for Explaining: Classes 1, 2, 3
7. Words That Do Not Need to be Known: Class 4
8. Phrases

9. The Procedure for Controlling Words for Explaining

10, An Example

1. Words as Instruments for Explaiv’ g

When we ave preparing am explanation for an oudience, words are the chief
instruments we usc. Of course many other devices -- pictures, chorts, models, etc, --
are also used; but words are the prime tools: we do most of our explaining with them,

It has been said that "one good picture is worth a thousand words", and this is
sometimes true, We may even assert that a working mode! of something is sometimes
worth ten thousand words., But nevertheless, some words have to be given slong with
the pictures snd the models, so thst the audience can be guided in how to understand

them. Furihcrmore, only a small number of subjects out of the enormous number of



possible sublects can be pictured or madoled: the gihers 7 wite werds for thear

explanation,

eremrmma oy N Y T

Although words are the most important tools for explsining, they ore net very
qood inst uments. Like n stone arrowhcad a word is a clumsy weapon, The moin problem
is thet words mesn different things on different vccasions, The word "iine”, for
example, has more than fifty meanings listed in o big dictionary. Which one applies
in 6 given sentence? How shall we handle the puzzle of many meanings?

Basically, we solve the puzzle of many meanings by our long experience with
fungusge ond our capacity to rcason; the more experience we have had with language,
the easier it is for us to decide what & word and the sentence contauining it may
mean, We scem 10 use ah unconscious reasoning process: we notice how words are used

togethar in patterns snd we conclude whot they must mesn, Semetimes we even notice

in out minds the i1ag until the wotrds fit together and the sentence takes on meaning.
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Clesrly then, the more experience we have had with a word, the more likely we
are to be able to use §t, work with it, and understand it, And so explanation should

be based chiefly on words with which we have had the most experience.

2. Well-Known Words
The first test then to apply to any word to be used in an explanation is, "Will
the audience know it?" If the answer is yes, then we can use it without hesitating.

1f the answer is no, thon we nmust either say the same thing in a differemt way, or

0By a R DI TG TNETIE 0 it oI I AN AN RIS v ot < ..

decide thet the word i5 ¢ne really necded, and use it giving additionai cxplanation

of it also,

This test is usually easy to apply. Most of the time it is casy to decide

T YT T RASTEY T PRV TR T, (R L LT Ty e T A

which words are well-known and which are not, For example, "telephone" is well-

known to sny sudience, and “"teletype™ is not; "mechanical™ is well-known to eny

pudience, and “solid-state” is not,

Usually, also, it is rather eessy to say wnat we went to in well-known words.
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For we imngine ourselves telking out foud to n friend, and we find we leave out @
lot of obscure wovds., 1In fact there arc mony rontechnicol words ord phvases which

nearly everyone knows rather well. These words are 8 good resource {ov explanation,

J. Short Words

The second requirement for words used in explanstions {s that they should be short.
People have had much more experience with short words tham with long ones. "To explain ‘
in words of one svilable" implies oxplaining that is easy to understand, English has
a great numbor of good short words: they carry & puach.

Probably the quickest and best measure of the shortness of a word is the number
of its syllabhles. One-syllable words cannet be made shorter; so0 we may use them
freely, if they aro well-known, Words of seversl syllables need watching, and more
watching as the number of syllables increuses,

Often, if we find a long word that will explain something well, we can think
of & shorter word that will oxplain it elmost as well or cven better. In such case
we often make @ little change in a sentence 50 835 to use the shorter word, Take
for example the word "necessary” ~- four syllables. It is a well-known word but
long: what can we use instead? The word "reoquired" has two syllables: the word
“needed", two. Now suppose we turh the sentence "X is necessary” around end say
fnstead "we need XU, Sr "you need X¥, then we get down to words of one syilable, Or
take for example “satistastorily” -« six syllables, In talking, we would probably
say “"pretty well", but we do not like to write such colloquial talk: we can use
instead “rather well”, or "quite well”™ or "well cnough”, When we strip awey long
words in am explanation, we often find we have stripped awey tresh, It is much harder
to bha obscure with short words.

Sometimes though there is & flavor or precision to the long word that is missing

v

with any short word near ¢o it in meaning. Ofien in fact, such & jong word has

become well-known because of this virtue, If so, we shall not replace the long
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word. Such 2 word is "efficisncy” -- four syllobles,

are well-known ond have no good shorter equivalent, for oxample, “responsibility.,”

We come thus 1o the question "Whaot is the set of words needed o explsin simply

a techiical subject and produce o report which will be plain and clear (¢ the sudierace?d”

4. €. K. Ogden's "Basic English”
Students of language have studied the questiion, "What minimum vocabulary is

needed 30 that we con soy almost anything thot we want to say?"

One of the important answers is one proposed by the English scholar C. K. Ogden,

It is colled Basic English and it is wdvocated for simple explanation and for teaching

foreigners Bnglish, Basic English is essentially o set of 050 English words, It

contains GO0 nouns, 150 sdjectives, and 100 “operations", The 100 "operotions”

include 10 verbs, 36 prepositions and conjunctions, 31 sdverbs, and 15 pronouns,

This set of words is supplemented in soveral ways. First,

apply:

the following rules

(1) plurals in “s";

(2) derivetives in “er™, “ing", “ed" from 300 nouns;
(3) adverbs in "1y" from qualifiers:

(4) degree with "more" and "mest™;

(5) questions by inversion with "do":

(o) operators and proaocuns conjugaile .n full.

Thus in Bgsic English we have for example, from the word "hecat™ in the oviginel list,

“"heater", “heating". and “heated"., This adds to Busic English probably 1500 or 2000

words, Second, “"measurement, bumeral, currency, calendsr end international terms are

included in their English fovm,” This adds to Busic Bnglish about &0 internstions)

words including “telephone, geography”, 19 calendar words including "Tursday, August,”

and 3} names of numbers, including "million, quarter, twice" -- perhaps aliogether

130 to 130 words, Finally, special lists of 50 or 100 words sre included in Basic

Even poms words of six syllsbles

idpaseelitot!
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‘Engiish for Jiscusssoh i6 sperinl firlds. FOF oxampie, the wofd “eupply” appeare in
both the list for business and the list for generol science,

1t iz remerkeble thot slaest everything eon be said in Dasic English., Also,
ab ideo expfessed 1o ordiiaory words can often be teplaced by 6 simpler equivelent ia
Basic English. This step often mokes the fdea shorp and cleer, becouse of the very
clever choice of words for Bssic English,

For the purposes of explonation however the set of words in Bnsic English is
certainly teo amall. First, of the 100 eperotors, anly 10 sre verbs: “come, get,
give, go, koop, let, moke, put, seem, take, he, do, have, say, see, send, may, wiii,”
Yet seveval thousond verbs are in ordiaary English, and wony of them are short,
familiar, colorful, and very clear. The soame Is truc of many othcr English words that
are not verbs. So, in Basic English we lose some of the force and vividness of
ordinary Bnglish., As we read passages written In Basic Englisgh, we fairly often
have the feeling of looking thrvugh dovkencd glasses: much of what we oxpect to tell

apart we coannot,

5. A Vocsbulary for Bxplaining: A Different Approach
In this report a diffaerent approsch is taken towards establishing a good vocabu-
lary for explaining, The question we ask is "What is the best set of words to be
used for explaiaing simply o technical subject?' The answer we propose here is:
1. Use short words.
2. Use well-known words,
3. In addition, use other words if necded, keeping track of them, wuxplaining
them if necessory, and ollowing only these werds to remein that are
really needed on careful considerstion,

How is this procedure to be faplemented?
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6. The Hords for Esplsising
Ko 1@aplement this procedure by poying close etlention to the actus|l neturc and
propertizs of the words used in 8p expiapatinon, 1lIun an cexplanstion there will be a
set of words used for explaining. These words are words (1) that are supposrd 10 be
known slready or to be lesrfed while reading, oand (2) that are used 2s builutnd blocks
in tater explenotion unu definltions. Suppose that we cell those words the words
for exploining.
We can usefully classify these words {nto three groups:
Closs 1: Words thot arc so familisr that every resder will know all of
them: for oxample, "is”, "like", "must",

Class 20 Words not speciully defined that are familiar, but perhops some

reader may not know some of them; for example, “alternstive",
"exprassion”, “computer",

Llass 3: Words that are not familiar, that many reoaders sre not oxpected
to know, ond that avo specially defined snd explainod In tha course
of tho oxplanation,

Many of the words in Class 3 are the special terms of the subject,

In writing a report it is normal prectice for a writer to keep track of the words
in Class 3. They sro the defined terms, the speclel terms, of his subjoct, Regularly
he will put these words in tho index at the batk of his report, and aive for nach
such word tho humber of the paye whero it is defined or explajned or occurs im an
importont way in discussion, Sometimes he will 8lsv include @ glossary end give
their definitions oarefully in the glossary. Dut what division should be made between
the other two classes?

A practicel and casy way to separato most words between the first end sccoand
classes is on the basis of nuubor of syllables. We put words of one syllsble -- if
not specially defined -~ !n Class 1. Also, if a word becomes two syllables by the

addition of one of the endimgs "-s, -es, -d, -ed, -ing"™, we put it in Class 1 (unless
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the meaning is changed as in "I am looking for my giasses"); for these endings do
not make a word any harder to understand. In addition, we put into Class 1:

(1) numbers; for exsmple, "106,000, 3/10",

(2) places; for example, "Philadeiphia",

(3) nations, organizations, people, etc,: "Swedish; Bell".

(4) years ard dates; for example, "June, 1967",
0f ccurse, not all of these words will be familiar to every reader (for example,
"quadrillion"), but in the way they occur, they are definite and clear. When reading
a book, we usually are not puzzled by such words, for we can tell from the context
just about what they must mean. These words are not inventoried; they are accepted
as clear,

All remaining words for explaining -- chiefly, words of two 9r more syllables
an¢ not specially defined -- are put in Class Z, and are to be inventoried during the
writing of the explanation or the report,

Many Class 2 words of course will be entirely familiar to every reader; but it
is usefui to play suafe by listing them and considering them. In fact, the chief
virtue of the listing is that no hard words enter the report without notice; we have
a guarantee that no hard word will suddenly be sprung on the reader like & trap.

This method was used when the book "Giant Brains or Machines that Think" was
written in 1947-49. Fewer than 1800 different words were in the Class 2 list at the
ead of writing all thirteen chapters of the book.

Ne shall be referring over and over again to these classes of words used in
explanation; so it is useful to choose descriptive names also,even if they are only
partially accurate:

Class 1 -- The One-Syllable Vocabulary
Class 2 -- The Key Vocabulary

Class 3 -- The Special Vocabulary
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7, Words That Do Not Nced to be Known
Now there are more words in am expianation than "words for expiaining”., And so
we shall do well to recognize:
Class 4: Words that do noe* need to be known or learned, and which are

not used in later explanation and definitionms,
These occur ian tuc report in such a way that understanding them, though helpful, is
in no way essential. One subdivision of Class 4 includes the name that s&ppears just
once in 8 report, as a kind of side remark by the way; for example, "an spplication

such as calculus". Even if we understand no calculus, this fact diminishes hardly

at all our understanding of the explanation. (Such a word may also appear in the
index but it is rot a word for explaining.)

Among the subdivisions of Class 4 are:

(1) words occurring only in quotations, where only the gemeral drift of
the quotation is needed for understanding the report;

(2) words or other expressions occurring in illustrative examples, which
are not used in later explanations in the report;

(3) words occurring in the titles of books, articles, papers, etc., telling
an interested reader where he can find more information; etc,

The descriptive name for Class 4 that we shall choose is "The Allusion Vocadulary".

8. Phrases as Instruments for Explaining

In addition to words, we also need phrases as instruments for explaining.

If the meaning of a phrase can be guessed from the meaning of its individual
words, then we can treat it simply as a collection of separate words, This 15 true
for phrases such as "with regard to", "traffic control system", etc.

If the meaning of & phrase cannot be guessed from the mesning +~ its individual
words, then we have to treat the whole phrase as a single word, an integ: i wnit.
This is true for "put up with" or "differentiai analyzer” or "

source language”.
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Let's name these "integrai phrases”. In scientific work, a very common way of
specifying 8 new jdea is to choose some descriptive phraze, define it specially,
and use Lhat integral phrose as the name of the new idea; for example, "black box",
which is often neither a box nor black. Such descriptive phrases are equivalent to
riany-syllable words. Such phrases wili go as a whole into Class 2 if they are
sufficiently familiar, and will go &s a whole into Ciasg 3 if not familiar.

Such a phrase is felt by a speaker t6 be a single word. Words like "sometimes",
"screwdriver”, "maybe", show their origin to be a phzase felt as a sinale word,
In some other languages than English, there is & great tendency tc sigmal this kind
of phrase by writing the constituent words together as a single word., In English
there is nu regular signal to show that a phrase is being used as 8 single unit,
and is telt a5 a single word, This is a drawbuck. Usually we must simply burden our
memory with the fact that the pkrase @5 2 whole is being nsed as a single word: for
exatpie, "differential analyzer"., Usuaily we cannot replace the phrase by something
simpler, since the phrase is a specific name. We may be stuck with a jawbreaker,
and be driven te using an abbreviation like "EDP" for "electromic data processing".

In a report, each phrase with a speciai meaning, when it first gppears, should
be marked with quotation marks or uwnderlinad, and should be explaived there or nearby,
In addition, in the index all the phrases having special meaning should appear again,
aid next to each the page number where its explanation may be found.

Of course, there will also be phrases that do not need to be understood, in

order for the explanation to be clear, These phrases will be classified in Class 4,

9. Procedure for Comtrollirg Words for Fxplaining
Suppose we have an explanation to be improved. How shall we perform the pro-
cedure outiined above for controlling the vocabulary of words for explaining?

Here is the procedure:

(1) Make sure that the explanation is typed with double or triple line spacing.
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(2) For cach word {or integral phrase) found in the explanation, write
underneath it:
- 3, if the word (or phrase) is a special term that needs to be
explained to the assumed sudience;
- 4, if the word {or phrase) dnes not actuslly have to be known
in order to understand the explanation;
- 1, if the word has not previously been marked and has one
syllable (after dropping any "-s, -es, -d, -ed, -ing");
-2, if the word (or phrase) has nut been previously marked and
has two or move syllables.
(3) Collect in a list all the terms merked 3, and consider how the vocabulary
can be clarified by:
- leaving out any term not needed at this stage;
- ¢alling the ssme idea by the same name each time it is mentioned;
~ defining clearly any term kept in the list; etoc.
(4) Collect in a list all the words (and phrases) marked 2, and consider
how this collection can be clarified by:
- replacing long words by short omes that say the same thing;
- replacing complicated words or phrases by simpler ones that
are just as precise,
(5) Collect in a list all the words and phrases marked 4, and consider
how this collection can be shortened and simplified,

(6) Apply these considerations to making a new draft of the explanationm.

10. An Example
How does this procedure actually work in anm explanation? Here is an example.
Following are the first two sentences of a report called "Principles of Sampling”

(see the full text in Appendix 1). Under each word in thuse sentences the appro-
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priate numher of its explanation class has been written,
Whether by biologists, sociologists, engineers, or chemists,
2 1 2 2 2 2

sampling is all too often taken far too lightly. In the early yoars
3 11 1 2 2 1 1 2 1 1

of the present century, it was not uncommon to measure the claws

11 2 2 11 1 2 1 2 1 1
and carapaces of 1000 crabs, or to count the number of veins in
1 4 1 1 1 1 11 1 2 1 ) 1
each of 1000 leaves, and then to attach to the results the
1 11 1 1 1 1 2 11 2 1
"probable-error” which would have been appropriate had the 1000
K| 1 1 1 1 2 1 1 1
crabs or the 1000 leaves been drawn-at-random from the population of
| 11 1 1 1 3 1 1 3 1
interest,
2

In this f1lustration of an explanation, there are four special terms (belonging in

Class 3, the Special Vocabulary):

sampling

probable-error

drawn-at-random

population
There is one term that is strange and unusual, but does not have to be understood in
this context (and as it belungs in Class 4, the Allusion Vocabulary):

carapaces

There are 18 words in the Key Vocabulary (Class 2):

appropriate engincers present
attach Interest results
blologizts lightly socjologists
century measure taken
chemists number uncommon
early often whether
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None of these are unusual or difficult. All the rest of the words are in the One-
Syllable Vacabulary (Class 1).

So rost of the work needed to guarantee that the explanstion is clesr to the
audience may be fooused on the five words in Classes 3 and 4, For enample, 8t the
first occurrenve "sampling”, which s a special term, is treated as {f everybody
reading, this passage already knew what 1t was; and this assumption is hardly jastified
for this audience, and some revision of wording should be considered. For a second
example, "sarapaces” could be quite easily changed to "shells": to talk of the shells
of orabs (even if they do not have true shells) is certainly more suited to this

audience than to talk of their carapaces.
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Chapter 6
Vocabulary Analysis
With a Computer

In the preceding chapter we racognized four classes of words in an explanation:
Clags 3 -~ The Special Vocabulary
Class 4 -- The Allusion Vocabulary
Class 2 =- The Key Vocabulary
Class )1 -~ The One=Syllable Vocabulary

In the sample explanation given, we typed the words with triple line spacing, and
put under each word as a tag the number of its explanation class.

In order to analyze the explanation from the point of view of vocabulary, we
next need to tabulate the words in each class 3, 4, and 2, putting them in alpha-
betical sequence, tally each occurrence of each word, total the tallies for each
woxrd, and total the entire number of words in each class and the whole explanation.

Ordinarily we do not need to analyze the words in class 1 individually, but can
usually take them on faith, We can assume regularly that any difficulty in under-
stunding an explanation will not come from Class 1 words. For Class 1, however,
we vould like to know the total number of different words and the total frequency;
and in oxrder to find out these figures, we might just as well “asbulate the Class 1

words also,

An Illustration
As an illustration, the two sentences of sample explanation were:
Whether by biologists, sociologists, engineers, or chemists, sampling is

all too often taken far too lightly, In the early years of the present
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century, it was not uncomnon to méasure the cluwe and carapaces of 1000
crabs, or te count the number of veins in each of 1000 leaves, and then
to attach to the results the “probable error” which would have been
approprliate had the 1000 crabs o¢x the ..000 leaves been drawn at random
from the population of interest.
The first step in clerical analysis is to put under each word the number of its
vocabulaxy class; the result is shown at the and of the last chapter. The next

step is to summarize it, and the result of thit step is 3howm in Table 1.

The Amount of Work
The clerical work to do all this analysis om an explanation of full length is
of course enormous, and largely impractical, even with shortcuts. Furthermore,
writing and revising an explanation involves several drafts. Each draft will chauge
the occurrence and the fréequency of wordas in the vocabulary, Even for a two=page
explanation (of T00 words say), revised three times, we would have four drufts, und

we would have to tag, classify  and inventory 20800 words,

The Computer Program
But with a programmed computer the work becomes simple and practical, A computer
program, here called the "Vocabulaxy Analysis Program,” has been completed and will
do this work. The program has been produced for the PDP-T Computer made by Digital
Equipment Corporation, and contains about 800 instructions in symbolic machine lauguage.
The program is stated (NOT explained) in Appendix 1 to this report.
The text of the explanation is typed on-line into the computer in the following
form:
Whether by biologists, sociologists, engineers or scientists, sampling 3
is all tco often taken far too lightly. In the early years of the present
century, it was not uncommon to measure the claws and carapaces 4 of 1000

crabs, or to count the number of veins in each of 1000 leaves, and then
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Table 1 !
ANALYSIS OF VOCABULARY BY CLERK
Class 3 -- The Special Vocabulary Clasg l ~= The One-Syllable Vocabulary
drawn at random 1 all 1 leaves 2 ‘
i
probable error 1 and 2 not 1 :
5 sampling 1 been 2 of 5
g Number of Different Terms, 3 by 1 or a
z Total Frequency, 3 claws 1 the 9
E count b then 1
C'ass 4 =- The Allusion Vocabulary 5
crabs 2 to 4 )
3 caxapaces 1 _
- = dach 1 too 2 :
3 Number of Different Terms, 1
4 far 1 veins 1 3
4 ] Total Frequency, 1 !
3 ; from i was 1 1 3
3 i Clags 2 -~ The Key Vocabulary had 1 which 1 1
: £ appropriate 1 measure 1 have 1 would 1
: attach 1 number 1 in 2 years 1 i
r ' biologists 1 often 1 is 1 1000 4 !
3 i
3 } century 1 present 1 it 1
5 chemists 1 results 1 Number of Different Terms, 29
; early ! socislogists 1 Total Frequency, 55 :
:’ s‘ 'h 1
2 . eng ineers 1 taken 1 !
,F interest 1 uncommon 1 ‘
lightly 1 whether 1 I
3 ; H
E’ f Number of Different Terms, 16 :
[:5

Total Frequency, 18

[0

I A e
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to uttnch to the results the "probable=error" 3, which would have been
appropriante hud, the 1000 crabs ox the 100U leaves Leen drawn=at-random 3
from the population 3 of interest,
Errors in typing can be ensily corrected. Revisions cun be susily made.
Then the command to tho computex:

F$$
produces the entire frequency distribution in the foxm shown in Table 2.

Almost ull the time needed to produce the iypod frequency distribution shown in
Table 2 is used for operating the keys of the console typoewriter. The progrum, foy
explanations up to 700 words in leugth, is clmost entirely limitud by the output
typewritor speed, 17 characters typed a second.

Ac shown in thé above example:

-~ words to be treated as indivisible phrases are 50 murked in input by
putting hyphens hetween the words;

-~ only a few taQs have to be specified (the three 3's and the one 4 in
this case), since the computer proguvam can assign almost all the
other tags.

With efficiency like this, vocabulary analysis of explanations i$ changed from

impractical to practical.

Tagging Words of Class 2 and Class 1
The computer program automatically tags corrvectly large numbers of words in
Cluss 2 and Class 1, The program distinguishes between words of one sylluble (after
dropping "~s, -es, ~d, -ed, =ing") and words of two ox more syllables. The program
works correctly in far more than 99X of all words occurring. The program uses a
dozen or so rules based on spelling; and these rules distinguish between words in

Class 1 and words in Class 2 in almost oll cases.

If, when you are using the program, you notice a word which belongs in Class 2

slthough the program using its rules has put it in class 1 (like “nothing" or "during)
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Table 2

ANALYSIS OF VOCABULARY BY COMPUTER

WHETHER Y B10LOGESTS, SOCIVLOGIOTSs HENGINCERSs It CaARAL 3Ty
SWALEING 3 IS AL TO) IFTEY TALEY FAax 19J LIGHTLY. 19 ThAg ~aar
YEARS OF THE PAESENT CENTURYs IT WAS NIT UGN 10 MEasdxd 1.
QAWS AND CARAPACES 4 OF 10899 CARABS, IR TJI GIUNT THE SuUW9Kx O vilis
IV EACH OF 1999 LEAVES AND THEW T) ATTAGH [9 Tk rESUL TS
HE "PRIJABLE-ERrOR 3 wiilod WIULO HAVE BEEN APPR0PxIATe HAL Ide
1909 C<:AdS It THE 19dd LEAVES OEEN DRAWNSAT=IWDI4 3 Frd? TH
PIPILATION 3 JF INTEREST. :

Q.A8% 3 Q.ASS 1
PDRAWI= A F= RAYYIY 1939 4
WIPULATEIN ALl 1
PRI JAGL E= i) i L AND 2
sSaten, EVG i BEEN 2
NU 4 F9 4 a8y i
QALAWS 1
QA58 4 QUNT 1}
GARAPAGES 1 URABS 2
Nt R EACH 1
FAR H
A.4a8S5 e FrOd |
APPRIPRIATE | HAD }
ATTACH 1 HAVE 1
AlJILIGLISTS | IN 2
CEN TURY 1 15 1
eHEtESTS ! IT |
eAr l LEAVES 2
BVOIVEEKRS 1 W T |
INTRREST 1 OF S
LIeHTLY | IR 3
JEASURE | THE 9
W UER | THEA H
ey | ™ 4
PRESENT t 00 2
e SUL TS 1 VEINS ]
SICIIILIaISES | WAS H
TALEN t wril Gid |
JVCIYAdN 1 WL D 1}
wrte HER { YEARS 1
U 1B #2318 NU 29 Fy 55
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then you simply modify the stored toxt by putting the tag 2 next to any conveniant
occuxxence of the word in the stored toxt:
nothing 2, during 2
If you notice a word which the computer clussifies in Cluss 1 and which should
instead go Into Class 2 (1ike "boyond" or "preempt" =« “gyo" and "eo" are treated
as dingle vowel combinations ln the middle of a word), then you simply modify un
occurrence of the word In stored text so that it reads:
beyond 2, preempt 2
Numbers Like “1000" are automatically tagged 1. Numes like "M, L. Adams" should
he typed "M-L-Adams 1". Tho numbers "1, 2, 3, 4" in the text must be chonged into
“ono, two, three, four"; .therwise the comﬁuter program will treat them as tags for

the preceding words,

Tagging Clasz 3 and Class 4
Thexe is no way at present of giving a computexr program enough knowledge of a
subject and enough knowledge of the English language, 30 that the computer cen assign
coxrectly the tags 3 and 4,
Instoad, whenever the explainer tags a woxd in that way, the computér program
accepts the tag, In addition, the computexr program assigns that tag to every other

occurrence of that word. So the explainer only needs to tag any such word once,

Qther Tnge
The tagging sudroutines in the computer program also provide for 29 more optional
tags, which need to be single letters B to Z or digits 5 to 9 and O, exgept A, I, und
0 which are words. The optional tags do not interfere with the tags 1, 2, 3, 4. Ian
any listing of the woxds in an explanation class with their frequency, these optionsl
tags also appeax, These tags could be used with such meanings as:
] Basic term, that the audience has to understond

E Terms that can be eliminated
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[ Probakly undexstandable
4] Undefined term
The computer program assumes that if any tag occurs in any occurrence of & werd,

it applies to every occurrence of that word.

- Yo a1

Commands to the Computer Program

We shall now consider the commands to the computer program.

Insextion. When the computer program is loaded, and waiting for you to use it, the

e

TR TR ]

first thing you need to do is ito give it some text to be analyzed. To do this: i
1. Type the lettex I (which is the command for INSERT).
: 2. Type the string of characters which you wish to insert, in the same way H

as if you were typing on an ordinary typewriter. What you type appears

IR TR

on the console paper, as well as gaing into the computer precgram.
3. Make sure that you do not type more than 1000 characters. At 60

characters to a line on the average, this would imply not more than

17 ) AL g L 1

PR ra—

15 lines.

—————

4. When you finish (usually it is good to finish with a CARRIAGE RETURN),
type ALT MOD, ALT MOD. (This prints $$ at the end of your text.)
Then the computer program gulps what you have typed and puts it in the
text buffer; the program then issues a "carriage-return-line-feed"

command to the typewriter; and then the program sits waiting once more

for your next instruction.

BT SRR AT Y 41 ooty

Printing. You may wish to see what is the text buffer, what text is Stored in the

nmachine, If so, type

AR T

P, ALT MOD, ALT MOD.

Then the program prints out on the typewriter all that is contained in the text buffer.

BT LR 2o SR

Corrections. If as you are typing, you notice that some characters are wrong, type

RUBOUT. This erases the last character typed. Typing RUBOUT once more erases the
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preceding character, etc. As you type RUBOUT, the character prints again so that
for example Lhanging CORRECTOIN to CORRECTION will look 1ike:

CORRECTOINNIOION
as you type in,

If you do not find an error untii after all the typed-in text is in the text

buffer, you can made use of the following procedure based on "search"” and "pointer
location".
For example, if you notice that CORRECTION has been misspelled CORRECTOIN, and
you want to correct it, you give the command:
JSCORRECTOINS T6$
This says (1) JUMP the pointer to the start of the text in the text buffer; (2)
SEARCH for the string CORRECIOIN {starting with the character just after the S and
ending with the character just before the ALT MOD ($ sign); (3) TYPE the line of
text in which it occurs. The way it will appear is:
THIS IS HOW THE CORRECTCIN\ SHOULD BE MADE,
The back slash (\) shows where the pointer is.
Now we want to delete the last three characters, and insert three new characters,
The command is:
-3DIIONS TH$
This says: (1) DELETIE the three characters preceding the pointer; (2} INSERT the
string ION (the next $ stands for ALT MOD, and has the meaning here "end of string”);
(3) TYPE the line in which the pointer is. The result will be:
THIS IS BOW THE CORRECTION SHOULD BE MADE
Other commands for correcting text are also available,
Analysis. Once you are satisfied with the text in the buffer, and desire to obtain the
FREQUENCY analysis, you type the command:
F$$

The analysis is then typed out in the sequence Class 3, Class 4, Class 2, and Class 1.

As you watch the words being typed, you may notice that something is wrong ~-
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for example that a word in Class 2 xeally should be in Class 3. You can stop the
typing by pressing the space bar; then you can correct the text in the text buffer
by inserting "space, 3" after an occurrence of the word, which you c¢an find with the
SEARCH command. Then you can return to the analysis by using the command F$$.

If you wish to see only one of the classes, such as class 3, you can type:

Ir$$

and only class 3 will be typed. (Wherever $ occurs in these pages, it stands for
pressing the ALT MOD key. The dollar sign ($) is however an acceptable charactier

in the text.)

A fuller explanation of this program, and a punched paper tape expressing the

program, are available by writing to the author.
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Chapter 7

Judging and Improving
an Explanation

Outline

Purpose of this Chapter

Selection of a Sample Explanation for Judging and Improving
Judging and Improving is a Long Process

The Original Explanation

Vocabulary Analysis of the Original Explanation

. The Regular Plan for Improvement of Any Explanation

Natural Questions

Answers to the Natural Questions

Producing the Revision

The Revised Explanation

Vocabulary Analysis of the Revised Explanation

Comments and Conclusions

1. Purpose of this Chapter
In the preceding chapters we have talked about:
-- the nature of explanation;
-~ factors affecting the quality of an explanation;
-- the explanation classes for the vocabulary:

The Special Vocabulary, Class 3
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The Allusion Vocabulary, Class 4

The Key Vocabulary, Class 2

The One Syllable Vocabulary, Class 1

-~ & computer program for deterining the frequency of each word in each

vocabulary class in the explanation,
But so far we have net taken any particular sample explanation and applied the various
ideas mentioned to that sample and shown just how those ideas can be used in a con-
crete case to improve that explamation to a considerable extent,

This is what we shall do now in this chapter,

2. Selection of a Sample Explanation for Judging and Improving

We shall select, m: an example of explanation, the first page and ahalf of a
certain technical book that has been published by MIT Press and that has sold more than
5000 copies called, "LISI' 1.5 Programmers' Manual." The subject of this book is an
interesting and important language for programming automatic computers which is called
"LISP", The name comes from the first three letters of "LIST" and the first letter
of "PROCESSING"; and the name refers to the fact that this programming language deals
not only with numbers and letters, but also with lists of numbers and letters. These
lists include statements, commands, instranctions, theorems, equations, and in general
any oxpression that can be made up out of symbols. Consequently, LISP is a very
powerful language, for many kinds of analysis of ideas, LISP probably will become,
along with FORTRAN, and COBOL., one of the important languages for programming computers,

This sample explanation is a reasonably good sample to select, for several
reasons. First, as explained above, it deals with an important subject, instead of
an unimportant subject. Second, the explanation we start with was judged to be
publishable; in fact it was published, and has been widely read by persons who wanted
to understand the subject, Third, the explanation shows plainly many common faults
in ordinary technical explanation that is published or written today. And finally,

the process of revising and improving this sample explanation will dcmonstrate how
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the techniques we are discussing in this report can be employed to improve explanation,

3., Judging and Improving is a Leng Process

We need to point out at the start one more fact: that describing in detail the
actual analyzing and revising of an explanation is incredibly long-winded and
todious,

The process of revising a piece of writing usually takes place rapidly and
invisibly in an author's mind, not slowly and visibly on a8 piece of paper, The
author thinks over the way that some¢ idea has been expressed cn the piece of paper
in front of him, and he decides to change the form of expression s¢ as to make the
idea clearer., So he inserts some words; he c¢rosses out other words; he changes some
more words; he marks a phrase to be moved from somewhcte to somewhere clse; he may
even cut the piece of paper apart and glue the fragments together in another sequence;
and so on, and so on.

A full description of the author's processing as he goes on and on, together
with the statement of all the reasons why the author makes the changes that he does
make, is very long and drawn-out, It is as tedious as would be the description of
everything that goes on in the mind of a chessplayer as he plays a game of chess,
evaluating each position and deciding what his next move will be, all through the
game, When watching the playing of chess, we notice the player's pause and the wait
from one move to the next, and then we see the resulting move. But we almost never
watch the process of revising a piece of writing, and so we find it hard to imagine the
pauses, the changes of thought, the process, when we sec only the final finished
product of writing,

S0, because the process of revision of writing is very long-winded and full of
decisions about details, a large number of pages are needed, Therefore we make
extensive use of tables, lists, etc,, all of which we call by one name “exhibits",

The exhibits are given one after another at the end of this chapter.
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4. The Original Explanation
The sample explanation chosen (see Exhibit 1) comes from pages 1 and 2 of the
"LISP 1.5 Programmer's Manual" by John McCarthy and otters, first published by
Thoe MIT Press, Cambridge, Mass,, in 1962, and reprinted in 1966,
The explanation is stated in full in Exhibit 1; below is its beginning:
The LISP language is designed primarily for symbolic data processing.
It has been used for symbolic calculations in differential and integral
calculus, electrical circuit theory, mathematical logic, and other fields
of artificial intelligence, ....
The manual was written by persons thoroughly familiar with the version of LISP
called "LISP 1.5" (presumably halfway between LISP 1 and LISP 2), and it is an es-

sential reference for anyone using LISP.

5. Vocabulary Analysis of the Original Explanation

The first thing we want to do with the original explanation is analyze its
vocabulary, For this purpose we give it to the computer program which was described
in Chapter 6, The form in which it goes into the computer is given in Exhibit 2,
and the output frem the computer program is given in Exhibits 3A, 4A, 5A, and 6.
For a number of reasons, the output is edited (see Exhibits 3B, 3C, 4B, and 5B),
The main results of the vocabulary amalysis are shown in Table 1, The classification
of the words in the special vocabulary is shown in Table 2, The seven words in the
Key Vocabulary which can be replaced by better words are shown in Table 3.

It is clear that the quality of this explanation is not very good,

-

34 special terms for 379 words of explanation is a very high proportion;

27 special terms occur only once, and they are logically candidates

for removal;

7 special terms cam be directly eliminated;

-~ 1 ambiguous term must be removed;
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Table 1
E
F; VOCABULARY ANALYSIS OF THE ORIGINAL EXPLANATION --
3 SUMMARY
{ Different

Explanation Explanation ngg; ccurrences
3 Class Subclags Description Number Percent Number Percent
3 The special vocabulary 34 18.3 58 15.3
L P Probably understandable 9
B Basic terms 5
-3
D Defined terms 0
~ u Undefined terms 12
E Can be eliminated 7
: N Ambiguous terms 1
2 a The Allusion Vocabulary 20  10.8 20 5.9
2 The Key Vocabulary 62 3.3 L] 19.5
f A Acceptable words 55
3 E Words that can be re- 7
3 placed by better ones
4 X Unfamiliarx, unacceptable O
E words
F 1 The One-Syllable Vocabu- 70 37,6 227 59,0
¢ lary k,
A
Total 186 100.0 379 100,0
:
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Table 2
THE ORIGINAL EXPLANATION --
THE SPECIAL VOCABULARY -- INVENTORY AND FREQUENCY 5
Subolass  Descriotien special Toxm |
P Probably understandable:

:

i allocating storage
available memory
data
execute (programs), execution (of a program
generate (programs)

s

interpret (programs)
machine language
memory structure

- notation

Pt ot e Pt et RO B3 St o

B Basic texms being explained:

atomic

atomic symbol (s)

LIS

meta language

S-expressions (s) 1

ey gl et

B = 2 O
.

E U Undef ined terms:

branching tree type of structure
combine (two S-expressions)
formal mathematical language
foxm (S-expressions)

isolated

length (of an S-expression)

list structuxes

recursive {definition)

recursive functions of S-expressions
S=-expression notation

[P

significant subexpressions
source language

[ X I T o N e el

DA AR R TOLE L Ay
e P By 104
e e

E Terms that c¢an be eliminated:

higher leval languages
LISP language

LISP programming system
split

string

RS L6 RS

RUHIT)

symbolic calculations
symbolic data processing

bt o Bt et o LD Pt

M Ambiguous term:
symbolic expressions 1

Total occurrences, 56
- 80 -
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Tuble 3

THE ORIGINAL EXPLANATION ~-

THE KEY VOCABULARY -- WORDS THAT CAN BE REASONABLY REPLACED

Word
capuble

concise
distinet
elementurxy
necessity
primaxily

readily

Exequency

1

1
1

- 81 -

Replacoment
able
brief
different
simple
need
chiefly

easily



-~ 12 undefined terms should either be definod or eliminated;
<= 7 words in the key vocabulaty could reasonably be replaced by botter

wozds,

6, The Regular Plan for Improvement of Any Explanation
In goneral the plan for improvement of any oxplanation is as follows:
Ro the special vocabulwry:
1, Basic terms: Clarify the explanation, Answer notursl questions
about them,
2, Terms probably understondable: Remove those not really needod,
Hoke those that remnin clecavey and more undevstondabie,
3, Torms that con be eliminated: Rliminote them by rephrasing,
4, Ambiguous tcrms: Remove the ambiguity,
5, Undefined, unguessable terms: Either explain them or remove them.
Ro_tho allusiop vocabulary:
6. Remove the allusions that arc not really nceded., Make those that
remain cleoarer and more useful.

Re the key vocabulary:

7. Words that can be eliminated by commoner ones just as precise in
medhing: Replace them,

There is mothing unuswal or remarkable about this set of directions. What usually
happens though is that an author is so busy thinking about his ideos and trying to
express them that he forgets to apply these divections in his writisng., Also, most
authors are much more interosted in their ideas than they are in conveying under-
standing to an audience; and so they do not feel any great urge to apply directions
such as these.

No computer program to apply these directions is 8t present contemplated. Such

a program, though not Impossible, is still a long way in the future.
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7. Notural Questions

In order to answer nmatural questions about the four basic terms or ideas bel ng
defincd "LISP, S-expression; atomic symbol, atomic", let us consider whet are "nutural
questions”, A guide to these questions appears in the list of commen properties and
relatlons which was given in an earlfier chapter, and is shown again as Exhibit 14,
It will be reasonable to examine the itoms in this list onc by one, and wherever o
topic therc suggested applics to the four basic idoas being dofined, consider how to
apply it,

In the following 'section the paragraphs are labeled with the topics thai apply.

0. Answers to the Natural Questions

Name or ldentification. The four basic terms have names which identify them,

Exomples. How shall we give an oxomple of the language LISP? It is haxd to
give an oxample unless we have accoss to 8 computer. Thon we could show how LISP
9s b System on a computer acthally works. However, we can qive some examples of
expressions written in LISP,

Examples of S-expressions ond atomic symbols are given in Sample Explanation
No. 1. Detter and more intoresting oxamples can be given, and should be given since
an example is a finc opportunity to convey information.

Definition, It would take pages to define LISP a5 o computer programming

lannouage,  We maygs well Rot try tp d

L]

that, Definitions of "S-expression" and
"atomic symbol" were given.

It happens that the definition of atomic symbol in the original explanation is
e longer true. Most LISP systems now allow atomic symbols to he made in more ways
than with capital letters and digits, and also to contain an indefinite number of
characters,

Species. LISP is a computer-programming language, i.e. a lengucae for program-
ming computevs, It is problem-oriented, i.e,, it is adapted to expressing problems

to be solved, It is machine-independent, i.e., it depends hardly at all on the nature
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of the computing machine; in other words, if you know how to usc LISP on one computer,
you ¢an use it with just a few minutes' instruction on an entirely different computer,
An S-expression is a kind of symbolic expression, an expression composed of

symbols which may or may not be digits. An atomic symbol is another kind of symbolic

expression,

Properties. Several of the properties of LISP, of S-expression, and of atomic

symbol were stated in the original explanation. It may be desirable to state some

more of their properties.

Context or Field, The context or field of all thkese ideas is the field of

S L AN I 1 B

special languages for programming computers to solve problems,

Composition and Structure. The original explanation does tell precisely the
structure of atomic symbols and S-expressions. LISP is a structure for dealing with
S-expressions on a computer, so as to solve problems.

Products. The product of LISP when used is -answers to problems. So it would be

aret i AL e 0 e

good to show a problem, the use of LISP in it, and the answer. But there may not be

i -

room in ihe revised explanation to do this.

[
%
EE'
kl:
E
3
3
¥
E

Quantity. The number of S-expressions and atomic symbols is indefinitely large.

The number of "LISPs" is essentially one, although there arc some variations
in LISP on different computers. There is also an important difference between what
is called Pure LISP and what is called Practical LISP. Pure LISP is very tedious
but more elegant mathematically., Practica! LISP contains 2 number of modifications

which make LISP practical to use on a computer.

e T T R R T e AT
1

Origin., It would be helpful to state the origin and also the derivation of

LISP, S-expression, and atomic symbol.

T G e A

Inportance and Use. It would also be helpful to say something ahout the impor-

i tance of LISP., The sample explanation did mention some of the applications of LISP,

? ) There are now more applications.

Advantages and Disadvantages. It would be desirable to say something about both

the advantages and disadvantages of LISP, even in an introduction, so as to satisfy
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the needs and curiosity of the audience. Ag2in, there may not be room to do this,

9, Producing the Revision

We shall now try to write a revised explanation. It should be an introduction
to LISP for an audience of computer programmers who do not know anything about LISP
and may have only a slight mathematical background, It should not make the errors
in explanation pointed out earlier. 1t should try to cover the same basic points
as covered in the sample explanation: giving definitiovns of LISP, S-expression,
atomic symbol, It should answer at least some natural questions from the audience.
After we have writtem tne revised explanation, we should classify the vocabulary,
and assess it thoroughly in the same way as the original explamation was assessed,

The details of producing the revised explanation, with comments here and there

on the reasons for the particular changes made, are shown in Exhibit 7.

10. The Revised Explanation
The revised explanation is shown in Exhibit 8. The first few sentences are as
follows:

Among the new languages for programming computers is a remarkable
one called LISP. The name comes from the first three letters of "LIST"
and the first letter of "PROCESSING". The reason for the name is that
LISP is particularly useful for working with lists, which may be lists

of numbers, lists of names, lists of symbols, and other kinds of lists.

Y

11, Vocabulary Analysis of the Revised Explanation
We must now judge the revised explanation. In order tc analyze the vocabulary
of the revised explanation we first put it into the cumputer program described in
Chapter 6; the input is shown in Exhibit 9. The output from the computer program

and the editing and summarizing of the output are shown in Exhibits 10 to 13,

The main results of the vocabulary analysis of the revised explanation are shown

in Tables 4 and 5.
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Table 4
VOCABULARY ANALYSIS OF THE REVISED EXPLANATION -- SUMMARY

Explanation Explanation Dxégf:grgnt Occurrences
Class Subclass Description Number Percent Number Percent
3 The Special Vocabulary 17 6.7 94 12.1 f
P Probably understandable 7
B Basic terms 3
5 D Defined terms 7
§ U Undefined terms 0
E Can be eliminated 0
- M Ambiguous terms 0
4 The Allusion Vocabulary 24 9.5 25 3.2
f 2 The Key Vocabulary 92  36.5 171 22.1
é A Acceptable words 92 !
é E Words that can be re- 0
placed by better ones
; X Unfamiliar, unacceptable 0 ‘
words !
1 The Ore-Syllable Vocabulary 119 47.3 465 62.6 S
% ) Total 252  100.0 77 100.0 i
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Table 5
THE REVISED EXPLANATION -~ THE SPECIAL VOCABULARY -- INVENTORY AND FREQUENCY

N
ke i e Lk i ) ek i ekl

Subclass Description Special Term Occurrences

P Probably understandable

data

execute (a program
generate (programs)
implement (ed)
implementation -

q
i
q
Ny
i
4
,,
E

interpret (progorams)
machine language

NN Pt ot put O P

B Basic terms

atomic symbol (s) i3
LISP 26
S-expression(s) 21

D Defined terms

dot

dot notation

list notation
mathematical system
NIL

sy?bolic expression(s)
(

e ™

U Undefined terms NONE

E Terms that can b¢ eliminated NONE

o © S N N WwesN

M Ambiguous terms NONE

52 aZalhe st padine v

Total,

0
-9
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We can now judge the quality of the revised explanation:

-~ 17 special terms for T8l words of explanation is rather a low proportion;

4 special terms occur only once and are candidates for removal;

[}
[}

no special terms can be directly eliminated;
-- there are no ambiguous special terms;
-~ there are no undefined or umguessable special terms;
-- there are no words in the key vocabulary that could rvasonably be
eliminated,
Furthermore, the three basic terms are each used many times, which is an advan-
tage in learning them,
Therefore, on the basis of the classification of the words used, it is reasonable

to consider the quality of this explanation good,

12. Comments and Comclusions

Clarity. The evidence given demonstrates that the revised explanation is clearer.
All terms that occur in the revised explanation are either defined or probably
understandable or definitely in the vocabulary of the assumed audience.

Length, Although twice as many words are used in the revision as in the original
explanation, this is probably an advantage rather than a disadvantage,

Nevertheless, the revised explanation could be shortened by leaving out seme
explanation, such as the explanation ¢f "list notation", Also the explanation could
be shortened in other ways,

A main reason for the increase in length is putting in words needed to answer
the natural questions that the audience would ask about the three important basic terms
being defined,

Utility of the Computer Program, How useful is the computer program? Would it

not be more practical to apply the principles of revising without using the computer
program?

Of course, it is possible to do much the same revising and improving of an expla-
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nation without the use of the computer program,
But the conputer program has the following virtues:
; -« It becomes very easy to notice and judge words occurring in the explanation;
i -- Because of the search feature in the program, each occurrence of a word
can be found;
7 -- The total number of times that a word occurs can be easily known, as a
step in deciding wheiher to keep the word or exclude it;
! -= It becomes very easy to identify and examine the special vocabulary;
-- As an explanation is revised, the computer program can keep step with
the revision, and produce up-to-the-minute tabulations of words and
their frequency.
Examining the lists of words produced by the computer program on preliminary runs
quickly catches mistakes in classifying and tagging words, All in all, the computer
program focusses a searchlight on the vocabulary being used.

Since the computer program tells how oftenwords are used, the knowledge that a
special term is used many times identifies it as a key idea. The knowledge that a
special term is used only once is an invitation to eliminate it.

When the number of special terms in an explanation of 500 words length is cut
from 30 to 15 there is a clear gain, Fewer special terms (3) used more often (60
times) lead to more understanding and more learning by the audience,

Amount of Work. Clearly, the amount of work indicated by the exhibits for this
chapter seems enormous. But in actuality it is not enormous. It simply shows clearly
the kind of work done by good editors of magazine articles, good writers of technical

manuals, and other persons professionally concerned with presentation of informatioa,

The technique once learned takes much less time to carry out than it does to talk
about it. It is something like the technique of a good tennis player -- much easier
to do and do well, than it is to describe and teach it.

Effort, Is it worth making the effort to improve an explanation in this way?

Much of the effort can be delegated to a computer, which can inventory and count
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the words in the explanation classes. This focuses the attention of the explainer
on what he needs to do,

Also, much of the effort is imevitably made whemever an author or editor changes
a first draft of a piece of writing into a second draft. The author or editor con-
siders each term, phrase, and sentence, and tries to clarify and improve the ex-
pression of the thought.

Knowledge Necessary for Revising. What about the amount of'knowledge needed to
clarify and improve an ¢xplanation?

Only a porson who has a thorough knowledge of the subject being explained is able
to revise it adequately,’

Isn't it rather difficult to revise and improve am explanation? Doesn't it re-
quire a good deal of expert ability?

Certainly it does require, hesides a good deal of techmical kunowledge, knowledge
of English, and some ability; amd revising is oftem difficult, 1In fact, revising may
be impossible if the person revising (the editor) does not have a good knowledge of
the technicsal field.

In such a case however the editor can:

-~ look up terms in a dictionary

-- read and study in the field;

-- consult persons who know a good deal about the field and find out from
them what probably is meant by the text;

In some cases the editor can take the explanation back to the author and fimd out
from him in many places just what he meant to say.

The Set of Al) the Key Vocebularies. The words Tagged 2 in the explanation,

consist of:
words of two or more syllables that are used for explaining, that most
readers know or probably know, and that are not explained

These constitute the Key Vocabulary.
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After dozens of explanations have been analyzed, all the words in all the Key
Vocabularies can be assembled and studied. Many of these words can be revised and
replaced with advantage; and possible replacements to be considored could be turned
into snother useful guide in making idcas olear and understood,

For example, most of the time (but not always) “often" is just as good as
"frequently”, "chiefly™ is better than "primarily”, “shorten" is better than
“abbreviate”, "just right" is better than "precisely correct”, “place" is just as
good as "situation", and so on. It is not desirable to distort or dilute any desired
meaning. But it is silly to use a long word when a short word will do a better job.
And a guide that translates from long words to short words wouid be helpful.

Once this happens, it should be possible to recognize und specify vrecisely
the common relatioms that are being asserted about terms, and adopt preferred ways
of expressing these relations. For example, "if ..., , ----" is a preferred way for
expressing conditions; this way is betier and more modern than inversion as in
"Had he told me, I would have done it."

In fact, many other important and interesting possibilities exist, as a result

of fast, efficient classification of words used im vocabularies for explaining.
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2,

a8,

108,
114,

118,

12A.

128,
13.
14,

Exhibits
The Original Explanation
The Original Explanation Prepared for Input into the Computer Program
The Special Vocabulary of the Original Lxplanation,
As Output by the Computer Program
The Special Vocabulary of the Original Explanation Post-Edited, Summarized,
and Classified
Detailed Reasoning for Placing the Special Terms into the Subclasses
The Allusion Vocabulary of the Original Explanation,
AS Output by tihe Computer Program
The Allusion Vocabulary Post-Edited and Summarized
The Key Vocabulary as Output by the Computer Progxan
The Key Vocabulary Post-Edited, Summarized, and Classified
The One-Syllable Vocabulary
Detailed Reasoning for Producing the Revised Explanation
The Revised Explanation
The Revised Explanation Prepared for Input into the Computer Program
The Special Vocabulary of the Revised Explanation,
As Output by the Computer Program
The Special Vocabulary, Post-Edited, Summarized and Classified
The Allusion Vocabulary of the Revised Explanation,
As Output by the Computer Program
The Allusion Vocabulary Post-Edited and Summarized
The Key Vocabulary of the Revised Explanation,
As Output by the Computer Program
The Key Vocabulary Post-Edited and Summarized
‘The One-Syllable Vocabulary of the Revised Explanation

Common Properties and Relatjons of lIdeas -- Checklist
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Exhibit }
THE ORIGINAL EXPLANATION
The LISP language is designed pximarily for Symbolic duta processing,

1t has
besn used for symbolic caloulations in differential and integral calculus, electrical

circuit theory, mathematiocal logic, ond other fields of artificial intelligence,

LISP i3 2 formal mathematical language, It is therefore possible to give a

concise yet complete description of it. Such is the purpose of this first section

of the manwal,

LISP differs from most progtamming lanyuages in three impoxtant ways. The first

way is in the nature of the data. In the LISP lunguage, all data are in the form of

symbolic expressions usually referred to as S~expressions, S-expressions are of

indefinite length, and have u branching tree type of structure so that significant

subexpressions can be readily isolated. In the LISP programming system, the bulk

of available mémory is used for sorting S-expressions in the form of list structures,

This type of memory structure frees the programmer from the necessity of allocating
storage for the different sections of his program.

The second impoxtant part of the LISP language is the source language ftself

whica specifies in what way the S-expressions are to be processed. This consists

of recursive functions of S-expressinns. Since the notation for the writing of
recursive functions of S-expressio.s is itself outside of the S-expression notation,

it will be called the meta language,

Thivd, LISP can interpret and execute programs written in the form of S-eipressions,
Thus like machine language and unlike most other higher level languages it can be
used 10 generate programs for further execution. Ths most elementary type of S-
expression is the atomic symbol.

Definition: An atomic symbol is a string of 30 numerals and capital letters; the

first character must be a letter.
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Examples:

A

APPLE

PART2

ABGOXYZ2
These symbols are called atomic because they are taken as a whole and are not capable
of being split within LISP into individual charactexs. Thus AB, CD, and ABCD have
no relation to each other except that they are three distinct atomio symbols.

All S-expressions are built out of atomic symbols and the punctuation marks
", ™M), and ".,", The basic operntion of forming S-expressions is 10 combine two
of them to produce a larger one., From the two atomic symbols Al and A2 one can
form the S-expression (Al . A2).

Definitiont An S~expression is either an atomic symbol or it is composed of
these eloments in the following oxder: a left parenthesis, an S-expression, a dot,
an S-cxpression and a right parenthesis.

Noto that this definition 1s recursive.

Examples: ATOM
@\ . B)
@a. @.¢)n
(Al . A2) . B
(w.v. x.y)
(w.v ., &.q.,.2))
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Exhisie 2
THE ORIGINAL EXPLANATION PREPARED FOR INPUT
INTO THE COMPUTER PROGRAM

THE LISP~LANGUAGBE 3 I35 DESIGVED PrRIMARILY FUR
SYMBOLIC-DATA=PROCESSING 3 « 1T HAS BEEY USED FUR
SYMBULIC=CALCULATIONS 3 IN DIFFEREN flAaL=AND= INTEGRAL ~ CAL CWH.US
4 ) ELECTRICALSCIRCUIT=THEORY 4 , AATHEMATICAL=LOGIC 4 » ANO
IOTHER FLIELDS OF ARTIFICIAL= INTELL IGENCE 4.

LISP 3 IS A FUORMAL-MATHEMATICAL-LANGUAGE 3 « IT 1S THEREFIHE
POSSINE TO GIVE A CONCISE YET GOMPLETE
DESCRIPTION OF ITe SUCH 1S THE PURPOSE OF THIS FIRST SECTION
JF THE MANUAL .

LISP DIFFERS FRIM MOST PRIGRAYMYING LAVGUAGES IN THREE
IMPORTANT WAYS. THE FIRST WAY 1S IN THE NATURE OF THE DAYFA 3.
IN THE L1SP=-LANGUAGEs ALL DATA ARE IN THE FURM OF
SYMBOLIC»EXPREISIONS 3 USUALLY REFERRED IV AS S-EXPRESSIVNS 3.
S+ EXPRESSIUNS ARE OF INDEFINITE LENGTH 3 AND HAVE A
BIRANCHING= TREE=~ TYPE=-QOF« STRUCTURE 3» 50 THAT
SIGNIF] CANT- SUDEXPRESSIONS 3
CAN BE READILY\N I[SOLATED 3 + IV THE LISP+PROGRAMMING= SYSTEY 2
THE BULKM OF AVAILABLEsMEMORY 3 IS USED FOR STORING S-EXPRESSIONS
IN THE FORrRY JOF LIST=STRUCTURES 3¢ THIS TYPE JF MEMURY~STRUCTURE
3 FREES THE PrROGRAMMER FROM THE NECESSITY OF ALLUGATING= STIRAGE
3 FOR THE DIFFERENT SECTIONS OF HIS PROGRAY.

THE SECOND IMPRURTANT PART OF FHE LISP=LANGUAGE IS THE
SOURCE=LANGUAGE 3 ITSELF wHICH SPEGIFIES IN WHAT WAY THE
S- EXPRESSIONS ARE TO BE PROCESSED. THIS3 GONSISTS OF
RECURSIVE~FUNCTIONS=QF«S«EAPRESSIINS 3¢ SINCE THE NIOTATION 3
FOR THE WRITING OF KECURSIVE«FUNCTIONS=UF =52 EXPRESSIONS
1S ITSELF QUTSIDE UF THE S~EXPRES: TON=NITATION 3» IT
WiLL BE CALLED THE META-LANGUAGE 3.

THIRD» LISP CAN INTERPRET 3 AND EXECUTE 3 PROGRAYS
WRITTEN IN THE FORM OF S=EXPRESSIONS. THUS LIKE MACHINE~L ANGUAGE
3 AND UNLIKE MOST OTHER HIGHER=LEVEL-LANGUAGES 3, IT Cayn
8E USED TO GENERATE 3 PRIUGRAMS FOR FURTHER
EXECUTION 3.

THE MOST ELEMENTARY TVYPE UF S~EXPRESSION §S THE ATOMI]Ce35¥Y930L
B DESINITION: AN ATOMIC-SYMOIL 45 A STRING 3 OF MO MIORE
THAN 30 NUMERAL S aND CAPITAL LETTERSH THE FIRXST CHARACTER MUST
BE A LETTER.

EXAMPLESS APPLE 4 PARTZ2 Q) AAQB66AYLZ2 A
THESE SYMBOLS ARE CALLED ATO41C 3 BECAUSE THEY ARE TAKEN AS 4
WHOLE AND ARE N. T CAPABLE OF BEING SPLIT 3 WITHIN LISP Inp
INDIVIDUAL CHARACTERS. THUS AB 4 €D &4 AND ARJUD 4 HAVE
NO RELATION TO EACH OTrnER EXCEPT THAT THEY ARE THREE OISTINCYT
ATIMIC- SYMBOLS 3¢

AL S=EAPRESSIONS ARE SULLT OUT JUF ATUMIC= SYM3ILS AND THE
PUNCTUATION MARKS ¢ » ) AND « THE 8ASIC
OPERATION FOR FORMING 3 S+EXPRESSIINS 1S T3 COMBINE 3 Twd
IF THEM TV PRIUDUCE A LARGER ONEs FrUM THE TWwO ATUMIC~SYYBOLS
Al 4 AND A2 4 ONE CAN FORM THE S=EXPRESSION 3 ceee o

DEFINITIONt AN S=EXPRESSION IS EITHER AN
ATOMIC-SYMBOL 3 OR IT 1S COMPISED OF THESE ELEMENTS IN
THE FOLLOWING ORDERS A LEFYT PARENTHESIS, AN S~EXPRESSION,

A DOTr AN S<~EXPRESSION, AND A RIGHT PARENTHESIS.

NOTE THAT THLS DEFINITION 15 RECURSIVE 3.
EXAMPLESS 2000 o
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Exhibit 3 A
THE SPECTAL VOCABULARY OF THE ORTG INAL EXPLANATION,
AS OUTPUT BY THE COMPUTER PROGRAN

Fs$$

QLASS 3

ALLOCATING- STIRAGE | i

ATOMIC 1

ATOMIC- SYMBIL 3

ATOMIC- SYMBOLS 3

AVAILABL E-MEMORY 1

BRANCHIN G= TREE« TYPE=0F- STRUCTURE 1
COMBINE 1

PATA 2

EXECUTE 1

EXECUTION 1

FORMAL - MATHEMATICAL~L ANGUAGE 1

FORMING 1

GENERATE 1

HI GHER~L EVEL-LANGUAGES 1

INTERPRET 1

ISOLATED 1

LENGTH 1

LIsP 4

LI SP-LANGUAGE 3

LI SP+PROGRAYM ING~ SYSTEM 1|

LI ST-STRUCTURES 1

MACHINE~L ANGUAGE 1

MEMORY= STRUCTURE 1

META-LANGUAGE 1

NOTATION ¢

RECURSIVE |

RECURSI VE=FUNCTION S-0F - S-EXPRESSIONS 2
S-EXPRESSION §

S EXPRESSION=NOTATION 1

S~ EAPRESSIONS 7

SIGNIFICANT~ SUBEXPRESSIONS 1
SOURCE=-L ANGUAGE 1
SPLIT |
STRING 1 -
SYMBOLIC-CALCULATIONS 1 :
SYMBOL! C=DATA-PROCESSING 1 :
SYMBOL I C- EXPRESSIONS 1
NU 37 FQ S8

e et o 1 gt o b1 SR e

-

wal

-

P T
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Exhibit 3 B
'; THE SPECIAL VOCABULARY OF THE ORIGINAL EXPLANATION
POST-EDITED, SUMMARIZED, AND CLASSIFIED
t Subclasses:
] B Basic term U  Undefined M  Ambiguous
7 § P Probably understandable E Can be eliminated
3 Sub- Sub-
g § Woxd Frzq. glasc Hoxd Freq. class
: E allocating storage 1 P wemory structure 1 P
E = available memory 1 P meta language 1 B
' § atomic 1 B notation 1 P
: atomic symbol (s) 6 B recursive (definition) 1 ]
- 2 branching tree type of 1 v recursive functions of S- 2 )
: E structure expressions
1 3 combine (iwo S-expressions) 1 U S~-expression(s) 12 B
E data 2 P S-expression notation 1 U
- execute (programs), execu- 2 P significant subexpressions 1 U
3 g tion (of a program source language 1 U
E formal mathematical language 1 U split 1 E
S form(ing) (S-expressions) 1 )]

E string 1 E
3 generate (programs) 1 p symbolic calculations 1 £

higher level languages 1 E symbolic data processing 1 E
i interpret (programs) 1 P symbolic expressions 1 M
P isolated 1 U
F length (of an S-expressiom) 1 v
: Number, 34 Total Frequency, 58
: LISP 4 B
: LISP language 3 E
1 LISP programming system 1 E
g list structures 1 U

machine lrnguage 1 P

Summary
Basic term 5
Probably understandable 9

Undefined 12

Can be eliminated 7

S < B - -

Ambiguous 1

s g T

34
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Exhibit 3 €
DETAILED REASONING FOR PLACING
THE SPECIAL TERMS INTO THE SUBCLASSES:

Probably understandable
Basic terms
Undefined

Can be eliminated

® m <o © T

Ambiguous

As we look at the words in the special vocabulary and consider the assumed

audience of programmers, we classify the following words as probably understandable
to this audience:

allocating storage interpret (programs)
available memory machine language

data memory Structure

execute (a program) notation

generate (a program)

We mark these words P. For the other words, the process in detail of ciassifying
them is as follows:
Paraqraph 1:

(1) "LISP lanquage". It seems clear that "LISP" and "LISP language" mean
the sane; the word "language" is here used as a kind of support to remind readers
that LISP is a language. So we could write instead: "the language LISP." / In the
table of the special vocabulary we can mark "LISP language" with the letter E, for
"can be eliminated".

(2) "symbolic data processing”. This might mean “processing of data con-

sisting of symbols”., But of course all data that a computer processes consists of

symbols. So maybe this means: '"data consisting of symbols as such rather than

- 98 -
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numbers, that is, letters, words, and symbols as they occur in algebra, for example."
Su we could write instead:
"processing data consisting of symbols as in algebra". / E.
(This phrase still needs editing.)
(3) 'symbolic calculations". All calculations use symbols, for numerals

are symbols teo; however, this must meau "calculations changing from one symbolic

expression to another.," / E,
Paragraph 2:

(1) "LISP" is a basic texm being explained. The word "LISP" occurs 8 times.

A person reading this explanation should gather at least 8 pieces of information from
its 8 occurrences. / We can mark "LISP" B (for "basic").

(2) "formal mathematical language”. Only a person who knows what a "formal
mathematical language" is can benefit from this sentence. The assumed audience does
not know. We will mark this term U for "undefined". 1f this idea is expressed in
this explanation to this audience, then it should be defined. / U.

Paragxraph 31

(1) "symbolic expressions". This term occurs in the sentence:

In the LISP language all data occur in the form of symbolic ex-
pressions usually referred to as S-expressions.

This sentence is ambiguous., It might mean:
In LISP all data consist of symbolic expressions. The accepiable

symbslic expressions in LISP are usually referred to as S-expressions.

(This by the way is true.)

Or it might mean:
In LISP all data consist of symbolic expressions. Symbolic expressions
are usually referred to as S-expressions.

As a result, we are not able to decide on the meaning of "symbolic expressions,” for

it means either "expressions made up of symbols in gencral” or it means “expressions
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that are made up of symbols and that are acceptable to LISP." We mark this term

M for "ambiguous". / M.

(2) "S-expressions". This term occurs 11 times in the explanation. It is
a basic term being explained. / We mark it B.

(3) "length -gxpression)”. Up to this moment, the reader did not
know that S-expressions had a length, / This term is marked U for "undefined".

(4) "branching tree type of structure"”. This term is cleaxr enough so far
as trees go. But how an expression made up of symbols can have this type of structure
is not explained. (It is like the phrases "the feathers of the horses" or "square
triangles".) / U.

(5) "significant subexpressions". How can a readexr tell what is a "sub~
expression” and what is "significant"? No information <iven, Undefined. / U.

(6) "isolated". How do "subexpressions" get "lsoiaind"? Undefined., / U,

(7) “LISP programming system". This is certainl, tis “rrogramming system
which puts LISP on a computer™, This phrase can be eliminated. / E.

(8) “list structures”. No information given. Not clear to an uninitiated
programmer. / U.

Paragraph 4:

(1) "source language". No information given. No guesses fruitful. Un-
defined, / U.

(2) "in what way the S-expressions are to be processed”. Neo explicit infor-
mation has been given about the processing of S-expressions. Presumably, it means
"changed from one form to another". / E,

(3) Precursive functions of S-expressions”. ‘recursive“is a term some-
what familiar to mathematicians, but not to this audience, As for "functions of
S-expressions”, up to this point, nothing has been gaid about them. Undefined. / U.

(1) "S-expression notation”. No information given about notation for S-

expressions. Undefined. / U.
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(5) "meta_language”. This phrase occurs in a sentence "since the notation

seves it will be called the meta language", It is not further used in this sectio:

of the explanation. It is apparently a basic term, / B,

Paragraph 5:
(1) "higher level languages”. This term probably means "computer program-

ming languages on a highex level than machine language," and so can be eliminated. / E,
Paragraph 6:

(1) "atomic symbol”. The words "atomic" and "atomic symbol" occur a total
of 7 times, It is a basic term being explained. / We mark it B.

(2) "string". With sufficiently astute guessing, this term can be under-
stood in this context, It means a sequence of characters. At this occurrence, it
could be eliminated by "a fequence of characters consisting of". / We mark it E.

(3) "split". This word occurs in the sentence:

These symbols .... are not capable of being split within LISP into
individual characters,

The interpretation of this might reasonably bes

LISP is not able to determine that a given character is part of an

atomic symbol using that character; for example, that the character

P is a part of the atomic symbol APPLE.
(In general, a computer progxamming language can do anything of this nature that a
person cares t¢ program it to do. So the above interpretation is unreasonable. But
it was true of LISP in 1962, It 15 no longer true of LISP because LISP has been
extended with what are called "charactex-handling functions".) In any case, the

word “split” in this unusual usage can be eliminated. / E.

Paragraph T:

(1) "form" and "combine". These itwo words coccur in the sentence:

The basic operation for forming S-expressions is to combine two

of them to produce a larger one,
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What do “form" and “combine" mean? The next sentence shows an example, which seems
simple to the point of being trivial, So how can this be the "basic operation"?
Surely LISP exists for doing something useful with symbolic expressions, such as
calculating one sysbolic expression from another using certain rules, The basic
operations of arithmetic are adding, subtracting, multiplying, and dividing. Surely
the basic operations of LISP must be more than just "forming" and "combining"
S-expressions, The meaning here is undefined. / U.

Paragraph 9:

(1) "xecursive (definition)"”. Here again "recursive", though it is being
illustrated, is not being defined. It is still undefined. / U.

This examination of the special vocabulary is swwmarized in Table 3B.
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Exhibit 4 A

THE ALLUSYON VOCABULARY AS OUTPUT BY THE COMPUTER PROGRAN

QASS 4

Al 1

A2 |

AAB66XYLZ 1

AB 1

ABCD 1

APRLE 1

ARTIFICIAL~ INTELLIGENCE |
Cd \

DIFFEREN TIAL~AND=~ INTEGRAL-CALCULUS |
ELECTRICAL~CIRCUI T=- THEORY 1
MATHEMATICAL-LOGIC 1§

PARTZ |

NU 12 FO 2

A d ot e R
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Exhibit 4 B

—— et A W L

THE ALLUSION VOCABULARY
AS POST-LDITED AND SUMMARIZED

diffexential und integral caulculus
electrical cixcuit theory
mathematical logic

artificial intelligence

APPLE

PART2
A4BOOXYZ2
A

ABCD

Ab

Cch
Al

A2
Al . A2)
ATON

QA .B

(. ®.CH
(@Al . A2) . B)
(W.,Vv) , X.Y)
(W.v) . X . «&.2)

Total Words, 20
Total Frequency, 20

2Tl M I ] e R e M o a1l e AU s oo

!—g—.—y—.—- [ Y Pt Pt Pt Pt P Pt Yot Jrt Pt Pt

(=4
T T O R R T R T TR P I R T TP T R T I LS TP TR
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Al

L el Al L
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Exhibit § A

THE KEY VOCABULARY
AS OUTPUT BY THE COMPUTER PROGRAM

QASS 2
BASIC |
BECAUSE )
CAPABLE |
CAPITAL 1
CHARACTER |
CHARAGTERS 1
WMPLETE |
OMPOSED )
QONCISE 1
WONSISTS |
DEFINITION 3
DESCRIPTION 1
OESIGNED
DIFFERENT
DIFFERS
DISTINGT
E1 THER

EL EMEN TARY
BLEMENTS
EXAMPLES
EXCEPT
FOLLOWING
FURTHER
IMPORTANT
INDEFIN1TE
INDIVIDUAL
INTO
ITSELF
LANGUAGES
LARGER
LETTER
LETTERS
HAN UAL

- ow b o D) s s ) e e s ) S a0 s oo e -
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NATURE
NECESSITY
NUMERAL §
OPERATION
ORODER
OTHER
oUTSIDE

PARENTHESLS 2

PO SSIELE
PRIMARILY
PROGESSED
PRO OUCE
PRO GRAM
PROGRAMMER

PROGRAMMING |

PROGRAM S

PUNGCTUATION 1

PURPY SE
READILY
REFERRED
RELATION
SECOND
SECTION
SECTIONS
SPECIFIRS
SYMBOL §
TAXEN
THEREFORE
UNL IKE
USUALL Y

Wi THIN
WRITTEN

Nl A8 FO T4
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Subclags:

Exhibit 5 8
THI. KEY VOCABULARY
POSTEDITED, SUMMARLZED, AND CLASSIFI1ED

A Acceptable words

E Can he eliminated

X Unfamiliar, unacceptable words

For euach word marked E, a suggested shorter or commoner synonym is showm in the Table,

Nord

basic
because
capable
capital
character(s)

complete
compose (d)
soncise
consist(s)
definition

description
design(ed)
differ(s)
diffexent
distinct

oithor
clement (s)
elementary
example (s)
except

following
further
important
indefinite
individual

into

itself
language (5)
larger
letter(s)

Total Words, Ol

Erequoncy Class _.Mord

Sub- Alternative Sub-

Mord

manual
nature
necessity
numérals
operation

A
A
(able)

oxder
other
outside
parenthesis
possible

(brief)

e CE R AN N ol el ol ond

primarily
processed
produce
program(s)
(different) programmer

P St ot Pt P LD Pt ot s o OO ot ot pue e

progrumming
punctuation
purpose
readily
referred

{simple)

bt Soms ot st st
b e bt ot fms e S s B Pt

relation
second
section(s)
specifies
symbol (s)

[y Oy
Pt ot DD e e

taken
therefore
unlike
usually
within
written

P I IP PNPD> EmPI>PD >E2mIPP PP

PO b ot PO e

E
A
A
A
A
A
A
A
E
A
A
A
A
A
A
A
£
A
A
A
A
A
A
A
A
A
A
A
A

oot ot st b s Pt

Total Frequency, 73
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P
; Exhibit 6 3
THR ONE-SYLLABLE VOCABULARY i
MUST 1
NO 2
LASS ) NT N
30 ! NOTE |
A 19 oF 23
AL e ONE 2
N $ OR i
NO 11 out !
ARE 8 PART 1§
" AS 2 RIGHT ¢
;' BE $ SINCE |
E BEEN 1 P '
' BEING 1 STORING 1 I
LT 1 SUCH | .
Bk 1 ™HAN 1
: CALLED ¢ ™HAT 3 j
oaN 4 THE a1 :
[ 00T ! T™HEM ) ]
4 EACH 11 ™MESE 2
g FIROS 1 ™eY E
E FIRST 3 ™IRO 1
[ FOR 7 ™IS 4 g
E FORN 4 THREE 2 3
i FREES ] THUS 2 ]
? FRON 3 m 3 :
GIve | ™ 2
HAS ) ™PE 2 4
Have e USED 3
i IS ! WAY e ;
1 N 1@ WAY S v
: 1s 14 WHAT 1 2
1T 6 WHICH
: LEFT 1 WOLE | :
3 LIKE ! wiLL \
F MARKS ) WRITING ) 9
MORC YET 1
E— MOST ) NU 70 FQ 227
: :
! \
E? ;
E
E ]
3 E
3
5,
- 107 -
i
Iz J
&
g
F 3




B

SR

i m ew e amTe T

G ALl Bty

(i Ut ik

TR Ral)

RONPIRTIT T WITS

[

[ HE

g

Exhibit 7
DETAILED REASONING FOR PRODUCING THE REVISED EXPLANATION

Among the new languages for programming computers is a remarkable one called

LISP, The name comes from the first three letters of "list" and the first letter

of "processing". The reason for the name is that LISP is particularly useful for

working with lists, which may be lists of numbers, lists of names, lists of symbo:.s,

anc othexr kinds of lists,

is a train timetable, which is a list of the times that trains leave stations,

classified in one way by train numbers and in a second way by stations on the

railroad.

((This first paragraph mentions LISP, says what kind of thing it is, and

explains where the name came from. Since lists are mentioned, the term

"list" is clarified.))

The chief purpose of LISP is to process lists of symbols. The symbols may be

numbers but more often are not numbexrs but symbols which express operations or

names or words or other ideas. Symbols put together in a list or sequence having

some meaning are called a symbolic expression.

((This is a revision of: "The LISP language is designed primarily for

symbolic data processing."))

LISP was worked out in 1958-60 by a group of computex scientists ac Mass. Inst.

of Techaology, Cambridge, Mass. The group included John McCarthy, Stephen DB.

fussell, Maxvin L. Mi-.sky, and others. They defined LISP in machine language for

the IBM 7090 computer; that is, they "implemented” it for that computer, so that

LISP would run and could be used.
{Origin of LISP, and introduction of the term "implemented".))
LISP has been used for calculations with symbolic expressions in 4iff. rential

and integral calculus, the theory of electrical circuits, mathematical logic, the

playing of games c¢f strategy, the design and testing of computer programs, and in
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other fields where calculation with numbers is less important than calculation with
symbols,

((Applications of LISP.))

Not only is LISP a language for programming computers but it is also a mathe-

matical system, in the same way as the geometry of Euclid or the ordinary algebxa

of numbers is a mathematical system,

((Pzraphrase of: "LISP is a foxmal mathematical language",))

(©Omission oft "Ii is therefore possible to give a concise yet complete

description of it. Such is the purpose of this first section of the

manual." Reasons: (1) The manual did not actually give a concise yet

complete description of LISP, (2) Even if an cu.tity is not a "formal

mathematical system", it would still be possible to give a concise yet

complete description of the entity.))

LISP differs from most programming languages in several important ways, One

difference is that all data that LISP deals with comsists of symbolic expressions.

The symbolic expressions that are acceptable to LISP are called "S-expressions.”

A second difference is this: When programming in LISP, we do not have to

allocats = 'tions of the memory of the computer for storing symbolic expressions;

this is donc automatically by the implemsntation of LISF on the computer.

(Revision of Paragraph 3. The information omitted is not needed in

the introduction.))

((Omission of paragraph 4. BReasons: It is not true that the "source

language" (also called the “meta language™) is necessary for the writing

of "recursive functions of S-expressions”. Also it is not true that all

"source language" consists of "recursive functions of S-expressions."))

A third important difference is that LISP can interpret and execu s programs
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written in LISP, Thus, like machine language and unlike many other programming
languages, LISP can be used to generate new programs. In addition, the way in
which LISP interprets and executes LISP can be written in LISP.

(Revision of Paragraph 5.))

As we said above, symbolic expressions acceptable to LISP are called S-expressions,

(The letter S in "S-expression” comes from the first letter of the word "symbolic".)
What makes them acceptable?

The simplest kind of symbolic expression acceptable to LISP is one which
regularly does not have any parts that LISP can recognize and that is treated by
LISP as a unit. An aceceptable symbolic expression of this kind is called an atomic
symbol,

In almost all versions of LISP, capital letters written together without spaces
(in the same way as letters are written together to make words in ordinary English)
are treated as atomic syabols; for example, PRINT, PLUS, NULL. Also capital letters
and digits written tegether in a group in which the first character is a capital
letter is an atomic symbol; for example, PRINI. In many versions of LISP, numbers
are treated as atomic symbols of a special kind, since they have some properties
that .nost atomic symbols de not have; for example, 22, 395. There is a unique atomic
symbol represented as NIL or ( }, a pair of parentheses with nothing inside. It
stands for an empty lis¢, a list with no elements.

Examples of atomic symbols are:

PLUS ()

22 NIL

A D

M4 TRANSITIVERELATION

All S-expressions are either atomic¢ symbols or they are built up out of atomic
symbols in specified ways.
One way is this: Put together a left parenthesis, then an atomic symbol or

S-expression, then a dot, then an atomic symbol or S-expression, then a right
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parenthesis, and the result is un S-expression. This kind of S-expression uses

what is called dot notation. The dot stands for am operator of LISP which is called

CONS (pronounced "conss")., Examples of S-expressions in dot notation are:

@ . 22)

B . A

(A . B

. 0
2. 4. 6.
(2 .22) . ((3.33)

. C)

(NN

. (. 490)))

(A . NIL)
@A . (B .NL)
Since "S-expression” includes "atomic symbol", "an atomic symbol or S-expression” is

the same as "an S-expression".

A second way is this:

Put together a left parenthesis, an S-expression, a space,

an S-expression, a space, an S-expression, .

right parenthesis; and the result is an S-expression,

««sssy @ Space, an S-expression and a

This kind of S-expression uses

what is called list notation.

Any such expression is squivalent to an expression

written in dot notation according to certain rules which will be explained later.

Examples of S-expressions in list notation are:
ABCDE)
(PLUS 22 33 55)
(REVERSEOF (S U L P))
(W (K 50) (P 51)) (B K 43) (P 54)))
{(236) 248) (3515 4720)

All S-expressions can be written in dot notation. Not all S-expressions can be

written in list notation.

(Revision of paragraphs 6, 7, and 8.,))
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Exhibit 8
THE REVISED EXPLANATION

Among the new languages for programming computers is & remarkable one called
LISP. The name comes from the first three letters of "list" and the first letter
of “processing". The reason for the name is that LISP is particularly useful for
working with lists, which may be lists ¢{ numbers, lists of names, lists of symbols,
and other kinds of lists. Lists classified in two or more ways are tables; an
example is a train timetable, which is » list of the times that trains leave stations,
classified in one way by train numbers and in a second way by stations on the roil-
road.

The chief purpose of LISP is to process lists of symbols. The symbols may be } }?ﬁ
numbers but more often are not numbers buy symbols which express operations or names .

or words or other ideas. Symbnis prt together in a list or sequence having some

meaning are called symbolic expressions.

LISP was worked out in 1958-60 by a group of computer scientists at Mass. Inst,
of Technology, Cambridge, Mass. The group included jokr McCarthy, Stopher B. Russell, i -
Marvin L. Minsky, and others. They defined LISP in machine language fox the IBM 7090
computex, that is, they “implemented" it for thai computexr, £o that LISP would run
and could be used.

LISP has been used for calculations with symbolic expressions in differential and
integral calculuy, the theory of electrical circuits, mathematical logic, the playing
of games of strategy, the design and testing of computer programs, and in other fields
where calculation with numbers is less important than ealculation with symbols. Not =
only is LISP a laaguape for programming computers but it is also a mathematical sys-
tem, in the same way as the geometry of Euclid or the ordinary algebra of numbers : Lf“
is a mathematical system.

LIS¢ differs irom most programming languages in Several important ways. One

difference is that all data that LISP deals with consists of symboliec exprassions.
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The symbolic expressions that arxe acceptable to LISP axe called "S-expressions".

A second difference is this: When programming irn LISP, we do not have to
allocate portions of the memoxry of the computer for storing symbolic expressions; this
is done automatically by the implementation of LIS? on the computer.

A third important difference is that LISP can interpret und execute programs
7 written in LISP. Thus, like machine language and unlike many other proyrasming
: languages, LISP can be used tc generate and execute new programs. In addition, the
way in which LISP intexprets and executes LISP can be written in LISP.

As we said above, symbolic expressions acceptable to LISP are called S-expressions.
{The ietter S in "S-expression" comes from the first letter of the word "symboiic").
What makes them acceptablet

The simplest kind of symbolic expression accentable tp LISP is one which regularly

does not have any parts vecognizable by LISP and is treatad by LISP as a unit. An

acceptabie symbolic expression of this kind is called an atomic symbol.
In almost all versions of LISP, capital letters written together without spaces
(in the same way as letters are written tegether to make words in ordinary English)

are treated as atomic symbols; for example, PRINT, PLUS, NULL. Also capital letters

and digits written together in a group in which the first character is a capital
letter is an atomic symbol; for example, PRINl. In many versions of LISP, numbers
are treated as atomic symbols of a special kind, since they heve some properties that

most atomic symbols do not have; fo+ example, 22, 395. .here is a unique atoamic

symbol represented as NiL or ( ), a pair of parentheses with nothing inside. It
sturds for an empty list, a list with no elements.

Examples of atomic symbols axe:

PLUS (:

22 NIL

A D

M4 TRA »ITT" RE: . :YON

s
1

-~

B
Banac T T R

. o~
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All S-exprezsions axe either atomic symbols or they are built up out of atomic

symbols in speciried ways.
One way is this: Put together a lett purenthesis, then an atomic symbol ox S-
expression, then a dot, then an atomic symbol or S-expression, then a right parca-

thesis, and the result is an 3-expression. This kind of S-expression uses what is

RECL P RPN

cailed dot wotation The dot stands for an operator of LISP which is called CONS
(pronouncsi "conss") . Examples of 5-expressions in dot notation are:
Q. 22
®. A.,C) :
@.@. 6.
(2,220 . (3.3, (1. 40))
(@ .» .0

(A . NIL)
(R . (B, NL)
Since "S—expression" includes "atomic symbo:", "un atomic symbol ox S-expression" f
is the same as "an S-expression”,
A gecond way is this: Put together a left parenthesis, zn S-expression, a
space, an S-expression, a space, an S-expression, .... , & Space, an S-expression 3
and a right parenthesis, and the resuvlt is an S-expression, This kind of S-expressiow
uses what is called list notation. Any such expression is egquivalent to an expression i
written in dot notation according to ceriain rules which will be explained later,
Examples of S-expressions in list notation are: %
ABCDE
(®)
LLUS 22 33 55) :
RIVIRSEOF (S L U P) )
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All S-expressions can be written in dot notation. Not all S-expressions can

be written in l1ist notation.
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Exhibit 9

THE KEVISED EXPLANATION PREPARED FOR INPUT INTO THE COMPUTER PROGRAM

AMONG THE NEW LANGUAGES FOR PROGRAMMING COMPUTERS IS A
REMARKABLE ONE CALLED LISP 3. THE NAME COMES FROM THE FIRST
THREE LETTERS OF '"L1ST™ AND THE FIRST LETTER OF "PROCESSING'.
THE REASON FOR THE NAME IS THAT LISP 1S PARTICULARLY USEFWL ;
FOR WORKING WITH LISTS, WHICH MAY BE LISTS OF NUMBERS» LISTS OF !
NAMESs, LISTS OF SYMBOL3» AND OTHER KINDS OF LISTSe LISTS CLASSIFIED
IN TWO OR MORE WAYS ARE TABLES: AN EXAMPLE IS A TRAIN
TIMETABLE» WHICH 1S A LIST OF THE TIMES THAT TRAINS LEAVE STATIONS.
Q.ASSIFIED IN ONE WAY BY
TRAIN NUMBERS AND IN A SECOND WAY BY STATIONS ON THE RAILROAD.

THE CHIEF PURPOSE OF LISP 13 TO PROCESS LISTS OF SYdsoL s.
THE SYMBOL S MAY BE NUMBERS BUT MORE UFTEN ARE NOT NUMBERS
BUT SYMBOLS WHICH EXPRESS OPERATIONS OR WAMES OR WORDS OR OTHER
IDEAS. SYMBOLS PUT TOGETHER IN A LIST OR SEQUENGCE HAVING
DME MEANING ARE CALLED S5YMBOLIC-EXPRESSIONS J.

LISP WAS WORKED OUT IN 1958~60 BY A GROUP
OF COMPUTER SCIENTISTS AT M1 T-CAMBRIDGE-MASS 1. THE GROUP
INCLUDED JOHN=MCCARTHY 1, S~B=RUSSELL 1» M~L-MINSKY {1, AND d
OTHERS. THEY DEFINED L1ISP IN MACHRINELANGUAGE 3 FOR THE
10M=~709Q 4 COMPUTER, THAT [Ss THEY *“IMPLEMENTED" 3 IT FOR THAT H
OOMPUTER, SO THAT LISP WOULD RUN AND COW.D '
LISP HAS BEEN USED FOR CALCULATIONS WITH SYMBOLIC-EXPRESSIONS §
IN DIFFERENTIAL=AND=INTEGRAL-CALCULUS 4, THE :
THEORY=OF«ELECTRICAL-CIRCUITS 4 MATHEMATICAL~LOGIC 4, THE
PLAYING OF GAMES OF STRATEGY, THE DESIGN AND TESTING OF
COMPUTER PROGRAMS, AND IN QOTHER FIELDS WHERE
CALCULATION WITH NUMBERS IS LESS IMPORTANT THAN CALCULATION
WITH SYMBOLSe NOT ONLY IS LISP A LANGUAGE FOR PROGRAMMING
COMPUTERS 8UT IT IS ALSO A MATHEMATICAL-SYSTEM 3, IN THE
SAME WAY AS THE GEOMETRY OF EUCLID 1 OR THE ORDINARY ALGEBRA
OF NUMBERS IS5 A MATHEMATICAL= SYSTEM.

LISP DIFFERS FROM MOST PROGRAMMING LANGUAGES IN
SEVERAL IMPORTANT WAYS: ONE DIFFERENGE 13 TdAT ALL DATA 3
THAT LISP DEALS WITH CONSISTS OF SYMB0L I1C-EXPRESSIONS 3.
THE SYMBOLIC-EXPRESSIONS THAT ARE ACCEPTASLE TQ L1ISP ARE
CALLED "S-EXPRESSIONS 3.

A SECOND DIFFERENCE IS THIS: WHEN i ROGRAMMING IN L15P,
WE DO NOT HAVE TO ALLOCATE PORTIONS OF THE MEMORY
OF THE COMPUTER FOR STORING SYMBOL IC-EXPRESSIONS
THIS IS DONE AUTOMATICALLY BY THE IMPLEMENTATION 3\ OF LISP
ON THE COMFPUTER«

A THIRD IMPORTANT DIFFERENCE IS THAT LISP CAN ENTERPRET 3
AND EXECUTE PROGRAMS WRITTEN IN LISP. THUS, LIKE
MACHINE~LANGUAGE 3 AND UNLIKE MANY OTHER PROGRAMMING LANGUAGES,
LISP CAN BE USED TO GENERATE 3 AND EXECUTE 3

NEW PROGRAMS. IN ADDITION: THE WAY IN WHICH LISP INTERPRETS i

3 AND EXECUTES 3 LISP CAN BE WRITTEN 1IN LISP.
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AS WE SA1D ABOVE, SYMBOLIC-EXPRESSIONS ACCEP TABLE

T LISP ARE CALLED S-EXPRESSIONS: (THE LETTER =5 IN $~CXPHRESSION
3 COMES FROM THE FIRST LETTER OF THE WORD SYMBIL1C.)
WHAT MAKES THEM ACCEPTABLE?

THE SIMPLEST KIND OF SYMBOLIC-EXPRESSION 3 ACCEPTALLE TO
LISP IS ONE WHICH REGULARLY DOES NOT HAVE ANY PARTS RECOGNIZABLE
BY LISP AND IS TREATED 8Y L1ISP AS A UNLITs AN ACCEPTABLE
SYMBOL IC-EXPRESSION OF THIS KIND 1S CALLED
AN ATOMIC=- SYMBOL 3.

IN ALMOST ALL VERSIONS OF LISP, CAPITAL LETTERS WRITTEN
TOGETHER WITHOUT SPACES (IN THE SAME WAY AS LETTERS ARE
WRITTEN TOGETHER TO MAKE WORDS IN ORDINARY ENGLISH) ARE TREATED
AS ATOMIC~SYMBOL S 3 ¢ FOR EXAMPLE, PRINT 4 PLUS 4, NULL 4.

ALSO CAPLTAL LETTERS ¢ ' DIGETS WRITTEN TOGETHER IN A

GROUP IN WHICH THE FIRST CHARACTER IS8 A CAPITAL LETTER

IS AN ATOMIC-SYMBOLS FOR EXAMPLE PRINL 4.

IN MANY VERSIONS OF LISP» NUMBERS ARE TREATED AS
ATOMIC=-SYMBOLS 3 OF A SPECIAL KIND, SINCE THEY HAVE SOME
PROPERTIES THAT MOST ATOMIC- SYMBOLS D9 NOT HAVES FOR EXAMPLES

225 395« THERE 1S A UNIQUE ATOMIC- SYMBOL 3 REPRESENTED AS NILN
OR ()» A PAIR OF PARENTHESES WITH NOTHING 2 INSIDE. IT STANDS
FOR AN EMPTY LIST,» A LIST WITH NO ELEMENTS. EXAMPLES OF
ATOMIG- SYMBOLS AREt PLUS 4, 22 1, Ma & NIL 3
TRANSITIVERELATION 4.

ALL S~-EXPRESSIONS 3 ARE EITHER ATOMIC-SYMBOL S OR THEY ARE
BUILT UP QUT OF ATOMIC-SYMBOL S IN SPECIFIED WAYS.

ONE WAY IS TH1IS: PUT TOGETHER A LEFT PARENTHESLIS, THEN AN
ATOM1IC- SYMBOL OR S+EXPRESSION, THEN A D37, THEN AN ATOMIC~ SYMBOL
OR S-EXPRESSIONs THEN A RIGHT PARENTHESIS, AND THE RESULT 138
AN S-EXPRESSIONe THIS KIND OF S-EXPRESSION 3 USES WHAT LIS CALLED
OOY=NOTATION 3+ THE DOT 3 STANDS FOR AN OPERATOR OF LISP 3 WHICH 1S
CALLED CONS 4 (PRINOUNCED “CONSS"™ 4)s EXAMPLES OF S~EXPRESSIONS
IN DOT-NOTATION 3 AREL +seess  SINCE " SaEXPRESSION"™ INCLUDES
"ATOMIC~ SYMBOL '+ AN ATOM1ICe SYMBOL OR S-EXPRESSION™ 1S THE
SAME AS "AN S~EXPRESSION'.

A SECOND WAY 1S TH1St PUT TOGETHER A LEFT PARENTHES] S»

AV S-EXPRESSIONs A SPACEs AN S-EXPRESSION, A SPACEs AN
S=EXPRESSIONs sesee »A SPACEs AN S-EXPRESSION, AND A RIGHT
PARENTHESLES, AND THE RESULT §S AV S<EXPRESSION. THIS AIND OF
S~-EXPRESSION USES WHAT 1S CALLED LIST-NOTATION 3. ANY SUUH
EXPRESSION 1S EQUIVALENT TO AN EXPRESSIUN WRITTEN IN
DOT-NOTATION ACCORDING TO CERTAIN RULES WHICA WILL BE
EXPLAINED LATER.

EXAMPLES OF S<EXPRESSIONS 1IN LIST-VWIATION ARES

[ 2L 3N IR

ALL S-EXPRESSIONS CAN HE WRITTEN IN DOT-NOTATION. VIT

ALL S-EXPRESSIONS CAN BE WRITTEN IN LIST-NOTATION.

- 17 -

—




1 VO N R T

Exhibit 10 A
F THE SPEC IAL VOCABULARY OF THE REVISED EXPLANATION
AS GUTPUT BY THE COMPUTER PROGRAM

QASS 3
ATOM1 G- SYMBOL 7
ATOM1G= SYMBOLS 6

i § DATA |

g H 0T ]
£ 00T-NOTATION 4
: EXECUTE 2

EXECUTES A

GENERATE 1

' IMPLENENTATION 1

i IMPLEMENTED 1

4 INTERPRET 1

- INTERPRETS 1

LisP 26
LIST-NOTATION 3
MACHINE~LANGUAGE 2
MATHEMATI CAL - SYSTEM 2
NIL 2

S~ EXPRESSION 14
S~EXPRESSIONS 7
SYMBOL I C~ EXPRESSION 2
SYMBOL 1C~ EXPRESSIONS 6
NU 21 FQ 92

REN)

TR, TR
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Exhibit 10 B

THE SPECIAL VOCABULARY OF
THE REVISED EXPLANATION
POST-EDITED, SUMMARIZED, AND CLASSIFIED

Word Erequency Explanation Subclass
atomic symbol (s) 13 B Basic term
data 1 P Probably understundable

3 dot 2 D Defined term
dot notatlion q D
. eXxecute (a program) 3 p
} S
generate (programs) 1 P
' implement (ed) 1 P
implementation 1 p
interpret (programs) 2 p
' LISP 20 B
List notation 3 D
machine language 2 p
mathematical system 2 D
N1L 2 D
S—-expression(s) 21 B
symbolic expression(s) 3 D
'é g‘
Number, 17 Frequency, 9 Summary, B, 3
D, 7
P, 7
- 19 -
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Exhibiv 11 A

THE ALLUSTON VOCABULARY OF THE REVISED EXPLANATION

AS OUTPUT BY THE COMPUTER PROGRAM

B CLASS 4 ;

- QNS 1 H

£ CONSS 1

z DIFFERENTIAL - AN D~ IN TEGRAL~ CAL CULUS 1t

- 18M-7090 ) :

= M4 t ;

: MATHEMATICAL-LOGIC 1 ‘

z NULL )

ALUS 2 E

PRIN1 1 ;

PRINT 1 ]

THEDRY=0F~ELECTRICAL-CIRCUI TS 1

TRANSITIVERELATION | 3

NU 12 FQ 13 3

7 4

:

F

[

3 :

| ]

: i :

i ]

;: E

3

.. ]

g - 120 - ’
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Exhibit 11 b
THE ALLUSION VOCABULARY FOR THE REVISED EXPLANATION
POST-EDITED AND SUMMAR IZED

. il
wy ‘ummm._;amumemmmﬂwl;mm!‘mwmmnsan:‘.";;;ux:.‘.mm:mnllﬂ ,

Woxd Frequency

differential and integral caleculus 1

thesry of electrical circuits 1

mathematical logic 1

PRINT 1

PLUS p

IBM 7090 1

NULL 1

PRINI 1

M4 1

TRANSITIVERELATION |

CONS 1

conss 1

(A . 22) 1

B.4a.Ccn 1

. @. 6. (N 1

((2.22) . ((3.33) . (. 44)))) 1

(A .B) .0 1

(A , NIL) 1

(A . B ., NIL) 1

(ABCDE 1

B) 1

(PLUS 22 33 55) 1

(REVERSEOF (S U L P)) i

(W (K 50) (P 51)) B (K 43) P 54)))) 1 ;

((236) (248) (3515 (47 28)) 1 3
Number 24 Frequency 25 ::i

Kalickiih e
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F Bxhibit 12 A
THE KEY VOCABULARY OF THE REVISED EXPLANATION
E 3
1 AS OUTPUT BY THE COMPUTER PROGRAM :
ALASS 8 NOTHING 1
ABOVE X NUMBERS 7 :
ACCEPTABLE $ OF TEN !
ACCORDING 1 ONL Y ! :
3 ) ADDITION 1 OPERATIONS | §
: ALLOCATE 1 ORDINARY 2 3
: : ALMOST 1 OTHER 4 j
] : AL SO 2 OTHERS | g
: ATONG ' PAREN THESES 1 :
ANY 2 PAREN THESIS 4 F
AUTOMATICALLY 1 PARTICULARLY 1 i
CALCULATION 2 PORTIONS 1 :
- GALCULATIINS 1 PROCESS ! ]
3 CARITAL a PROCESSING 1 :
3 CERTAIN 1 PROGRAMMING 6
] CHARACTER 1 PROGRAMS 3
: : QLASSIFIED 2 PRONOUNCED : E
; COMPUTER 6 PROPERTIES 1 T3
: QOMPUTERS 2 PURPOSE 1 o]
CONSISTS 1 RAILROAD 1 -
i DEFINED | REASON ! L]
; ; DES]GN . RECOGNIZABLE |
3 - DIFFERENGE 3 REGULARLY ! i
DI FFERS ) REMARKABLE 1 : 3
DIGLTS " REPRESENTED | "
‘ EITHER 1 RESWL T 2
,«; LEMENTS 1 SCIENTISTS | 3
] EMPTY t SECOND 3 b
; ENGLISH 1 SEQUENCE | ‘
5 EQUIVAL ENT 1 SEVERAL 1 ;
EXAMPLE 4 SINPLEST |
EXAMPLES 3 SPECIAL 1 :
3 EXFLAINED 1 SECIFIED i
E» EXPRESS A STATIONS 2 5
j EXPRESSION 2 STRATEGY | ;
; GEOMETRY ) SywBOLIC :
L 1DEAS . SYMBOLS 6 ;
IMPORTANT 3 TARLES ! ‘
INCLUDED 1 TIMETALE 1| ]
E INCLUOES 1 TOGETHER 6
| INSIDE ) W IQUE ! ]
;. LANGUAGE | WINIT 1 '
5 LANGUAGES 3 WNL 1< € ! ;
: LATER 1 USEF LA ! j
,E LETTER a VERSIONS 2 i
LETTERS 4 WITHOUT o
MANY 2 WRITTEN 8 f
MEMORY 1 NU 96 FQ 172 :
5 - 122 -
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Woxd

sbove
acceptable
accoxding
addition
algebra

allocate
almost
also
among
any

automatically
calculation(s)
capital
certain
character

classified
computer(s)
consist (s)
defined
design

differ(s)
difference
digit(s)
either
element (ss

empty
English
equivalent
example{s)
explained

express
expression
geometry
idea(s)
important

includn (s)
inclug
inside
language (s)
later

Exhibir 128

THE KEY VOCABULARY FOR THE BEVISED EXPIANATION

POST-EDITED AND SUMMARLZI'D

Exoguency

L b et PO et Pt a ] Bt fmt Pt Pt et e LD Pt bt e e D DD e 0 LD DD e PO it e — b foer T} e

S b P

- 123 -

letter(s)
many
meaning
menoxy'y
nothing

number (s)
often

only
operation(s)
operator

ordinary
other
others
parentheses
parenthesis

particularly
portion(s)
process (ing)
progxam(s)
programming

pronounced
properxties
purpose
railroad
reason

recognizable
regularly
remarkabie
represented
result

scientist (8)
second
sequence
several
simplest

special
specified
station(s)
strateqgy
symbul {s)

Excauoncy
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Hoxd Exequsucy

symbolic
tablo(g)
timetable
togsthex
unique

bt O ot o pon

unit
unlike
useful
verslon(s)
without

written

ve e

— bt DO et ot

Numbex, 92; Frequency, 171

None of thesc woxds can readily be eliminated by a shorter or simpler word.
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THE OXE-STLIAS E VOTAMR ARY oF THE REVISED EXPLAMATION

A LEAYE 1

anss | | Lo TESTING 3
1958~-60 1 LESS ! AT t
I ! LIKE T 1o
o 1 LiKe THE 24
3 ! LISTS 7 e
AL 5 Mal.aMINSKY [} "“HEN N
o ’, MAXE e 1
~ 1 MAKES i LS SR
ok !'4 MAY 2 THIRD 1
AS 8 MEANING |} ™mis 7
o ; MIT-COMBRIDGE-MASS { PREE 1
. : MORE o Tees
L ose e TIMES 4
BUILT | NAME 2 T8 :
au1 ! e 2 TRAIN 2
o4 : oy 2 TRAINS |
o 0 1 TREATED 3
CAV 5 NOT 6 e !
CHIEF oF 33 i '
WOMES 2 on 2 USES o
Ques ™ 2 USES 2
DEALS | OR H vy ‘
s ) outT 2 WAY ?
s ; PALR N WAY S k]
one | PARTS | e 2
EULLD | PLAYING § wiar 3
FIELDS | PUT 3 WERE |
FIRST 4 RIGHT 2 wron o
ron ’ RLES | WHICH 8
PR Ny : Wit
BAMES | S~ B~RUSSELL | Mmoo
GROUP 3 SALD orbs o
&R ! e | WRUS 2
AV SINGE 2 WRKED
ave 3 ' WRKING |
s ! e L WWo |
In 2o ate ¢ NU 119 FQ 48S
i3 3 SPACES |

JOHN-MGCARTHY 1 STANDS 2

<Inp oCh STORING |
KINDS | SucH
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COMMON IROPERTIES AND RELATIONS OF IDEAS --

Ernibit 4
CIECKLIST

Name, idonvificasien
Other names, Yepatition in other words ,

equivalents
Exemplos, instarces

Dofinltlon, meauing, signiftecance
Essonce, themo, nat ure

Kind, sort, genus, species, cluss

Properties, naturo, habits

Similar things, related things, assoclated things
Opposites, contrasts

Distlnguishing tharactoristics

Things includea iy it, parts

Things of which it s a part

Context, environment, situation, field
Composition, matexrinl, substance
Structure, organization, construction

Activity, behavior, veorb

Agents, doars, Subject of verd
Products, object of verb, recipients
Nsnner, Ways, adverbs

Size, dimensions, measuremgnt s

Quantity, number

Variation, range, averange, deviations
Shape, form, solig liquid or gas
Weight, densiry

Appearance, look, color, luster

Sound, smell, taste, fool

Place, location, position, extent, prevalence
Time, duration, age, persistency

History, origin, Gauses, development

Future, resnjts, effects, proediciions

Purpose, function, use, worth, valye
Advantagos, disadvantages
Owners, users

Importance, relation to human affairs
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Chapt

Judging and Improving
Two More Sample

Explanmtitms

1. Asscssing "Peinciples of Sampling"”

2, Revising the.Explanation

3, Judging the Revised Explanation

4, The Audience for "Scracning out Potential Troublemskers™
5. Assessing the Fxplenotion

b, Revising the Bxplanation

7. Judging the Revised Explanation

So far, we have taken one sample oxplanation and shown -- wt very groft length
-« how it may be revised ond improved,

Let us now tonke two more sample explanations, consider how they con he revised
and improved, and concentrate on describing the revising process, This time we will
place the originai and rovised explanotions oaRd their vocabulary classifications in
Appendix 2,

The first of these two ndditional sample explonations deals with principies
of sampling, ond is Explanation 4 in Appendix 2. The original explanation, "Principles
of Sampling”, is taken from a rveport written by three distinguished stotisticians,
and published by the American Statistical Association, The report was orfginally
prepored for the Natiomal Rescarch Council, but was subsequently published and mode
available to o wide asudicnce of interested persons, including particularly scientists,

The revised explanation is stated as Explanation 5 in Appendix 2.
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1. Assessing "Frinciples of Samp!ing”
Examining the output of the computer program and deing & }iltle arithac! ic we

obioin the followling suamary:

Yocobulory Closs Terms Porcentages
Naome No. Number Freguency Number Fyequency
Speciel terms 3 29 50 1 4% 10. 2%
Allusions 4 o 4 0 0
Koy vocabulary 2 110 130 46,2 20,0
One-syllsble vocabulery 1} .leg 301 42.4 0l.&_
Total, 255 189 100,0 100.0

Ouly o few of the words in Class 2 are disturbing: "carspaces,""semblance,"

“tenuous," eack used only once., The word "carapaces”™ occurs }n o context where it
does not huve to be understeod -- we could have morked it Class 4 if we had wished,
The word "tonuous" will need attontion,

Let us tske o look at the 29 special terms put inte Class 3, The numeraol
following the slant sign (/) reports the froquemey of occurrence of the term in
the sample explanation,

The following spocial terms can probably be understood (or ¢orrectly guessed)
hy the sudience;

drawn / 2
on the average / 1
somple(s), sampling, sumpling plans (probably “"plans for sampling*) / O

The following speciol terms occur in the explanation with one or more staote-
mepts (or phrases) which define them (even If they may be defined i{n terms of
unde fined teyms):

grab sample(s) / &
mechunical vandomization / 1

non-random samples / 1
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The [nliowing feres ared to be eithee defined or elimipated berause I8 gtatistics

and may not guess cofrectly:
rondom, vondomly, wt rendom / 4
vundom pumber tables (Are they “number tables™ which are “random' ?) Jd
rondom samplcs (13 o "rendom sample” slso o "simple rondom sample”?) / 2
simple randem sample(s) / §
bigs / }
population(s) / 3
existent population (When is o population “existent"?) /1
independent /1
mean(s) / 5
probable errov {Is it on "error" which is "probable"? / 1
range / 1
valid /1
variobility / 3
fiuctuation (Is it the some 6s "vartability"?) / 2
stobllity CIs 1t the opposite of “variebility"?) /1
It could he srgued that much of the awience would absorb at lcast some ldes from
must of these teras, DBut to produce o teaily good oxplanation, most of these terms
should be made completely clear,
Because of the frequency of the occurrence of the ideas, it in clear that the
foliowing ideas are basic to the discussion:
sampling / 8
rondomness / 13
population(s) / 4
mean(s) / &

variability / ¢
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Among the terms which occur only once or twice, the following are candidates

for elimination:

mechanical randomization / 1

[ Ak

existent population / }

BT T
-

fluctuation / 2

PR Sy

stability / 1

o S St ]

2. Revising the Explanation

IR,

In revising any explanstion, we do not want to change the flavor of the

explanation; where cclorful expressions are used, we want to keep them, We desire

T R T
[
1

: only to increase the clarity of the ideas referred to, so that the audience may

T e

c¢learly understand what is being said.

PRI L

1. "by biologists, sociologists, engineers, or chemists™: 16 syllables, 5

words. This phrase is a mouthful., Furthermore, the class of scientists mentioned

;
t

o

is not complete -- many more kinds of scientists are implied., Let us change the

(RPN TN VN

phrase to "In scientific investigution™.

2. "In the early years of the presemnt century”: 12 syllables, 8 words. The

R Y T TR e

H
idea is hardly wo;‘h this much. Let us change it to "Fifty years ago”, 4 syllables.

3 words.

3. "carapaces”: 4 syllables., This is a rare word. The dictionary definition ’

[z

mentions "shell”, There is a pleasant souna to "claws and carapaces” but this

alliteration does not really belong in scientific writing of this kind. Let us

ISR

use "shells”, vne svilable, one word,

4. "results”: What results? The results might be measurements. But 1000 ;
measurements would not each have a figure attached to them. From knowledge of A
statistics, we know that most likely the "results"” would be the average or the
arithmetical mean of the measurements -- the sum of all the measurements divided :

by the number of them -- also called simply "the mean”.
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5. "probable error": This term is in quotes. This tells the reading audience

(a listening audience cannot liear quotes) that the term has a special meaning. But
no clue is given to the special meaning., What does the author mean?

In statistics, the "probable error” is defined as equal vc 5745 times the
"standard deviation". What is "standard deviation"? The standard deviation is
the square root of the sum of the squares of the deviations of measurements from
the arithmetic mean divided by the number of measurements, As a statistical figure,
however, the “probable error" is very old-fashioned; what is regularly used nowa-
days for seversl good reasons is the standard deviation,

The "probable error" received its name from the fact that under many conditions
of sampling, it is equally probable that a measurement would fall inside one prob-
able error from the mean as it would fall outside. But nowadays the corresponding
idea is used as follows: Under many conditions of sampling, the chance is 19/20
that a deviation will fall within 2 standard deviations from the meam and 997/1000
that it will fall within 3 standard deviations from the mean,

To put all this information into the explanation is not desirable, We don't
have the spare, and the idea is mot worth that much attention. What shall we do?

Let's use a phrase to identify the kind of thing that "probable error” is,

A reasonable wording is:
a computed degree of variation called the “probable error”,

6. Long sentence, The sentence in which "probable error” occurs contains 64
words. We will do well to break it, A reasonable place to break is at the "which”.
We can start a new sentence with "This figure". The new sentence now reads: "This
figure could have been appropriate had the 1000 crabs or the 1000 leaves been
drawn at vandom from the population of interest.”

7. "had": This "had" in inverted order signals a condition. The common every-
day form of a condition uses "if", Let's use "if".

8. "drawn at random’: This is a technical phrase referring to a well-defined
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operation in statistics, whivh we need tc make very .:8r to the audiecnce. When

we sample, we tale or select or "draw" iustances, examples, cases. But what does

"at random" mecan?

; "Webster's New Collegiate Dictionary” published by G, and C, Merriam Co.,

? Springfield, Mass.,, 1961, 1174 pages, gives on page 700:

: random noun. (From the Old French, randen, violemce, rapidity.) Now Rare.

A haphazard course or progress. -- at random. Without definite aim,

direction, . rule, or method; at haphazard. -~ adjective. 1. Coming,

N ol deaal

acting, made, occurring, etc., at random, .... Syn. Random, haphszard,

? i casual, deSultory mean showing the influence of accideat rather than
z = design. Random implies little or no guidence by a governing mind, eve.

objective, or the like; haphagard, a being more or less at the mercy of

chance or of natural or logical necessity; casual, a workikg, an acting,

o O It 1 AL . B

or the like, without deliberatiom, intention, or purpose; desultory, 1

jumping or skipping from one thing vo another, ungoverned by method or

il o

SOV ) SR A1 PO (101 0 b, -

system.

None of these definitions states clearly what the statistician means by

I R
NPT L
oo

"randomness". §or example, on page 100 of "Probability and Statistics” by F.
Mosteller, R. E. K. Rourke, and G. B, Thomas, Jr., Addison Wesley Publishing Co.,

1961, appears:

o+ 1

The fair tossing, the thorough shuffling, and the blindfoid drawing are

i
RERA - I T T TR T s,

[IRTI—

physical processes ihat we use inw trying to achieve what is called
“randomness”; that is, trying to give all outcaomes equal chances

We must emphasize this idea since .t is different from the ordirary meaning of

TR e

"random".

So we can say:

[T LI

drawn at randem, uhat is, under conditions wheve each individual has

an equal chance of being drawn
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What is “an equal chance"? The assumed audience consists of persons with

scientific training., People are familior with "a chance" from childhood. It is

reasonable to expect that "an equal chance” will be understandable to this audience.

9, population of interest. The word population regularly makes us think of

people, often the people of a country or a region. The phrase “"of interest" meauns
"that we are interested in", but it has an academic flavor, But what does a
statistician mean by "population"?

The dictionary gives:

population moun. ...,. 4. Biology. The organisms, collectively, in-

habiting an area or region, 5. Statistics. A grouwp of individuals or
items; specifically, ih biometry, the entire group of organisms from
which samples are taken for measurement,

So here again we need to put the audience on the right track to understand

the technical meaning:

the group of all individuals in which we are interested, which we are
studying, and which we are drawing samples from

We can shorten that in this context to:
the group of all individuals being studied

The sentence now becomes:

This figure could have been appropriate if the 1000 cvabs (or leaves)
had been drawn (or selected) from their “population" (the ¢group of all
individuals being studied), “at random", that is, under conditions where
each individual has an equal chance of being drawn.
The sentence is much longer, but it contains three “reminder" defimnitions as keys
to help the audience,
10. such actions. What actions? The actions of measvering? No, The actions
of attaching probable errors? No. The actions of not drawing at random -- but

drawing individuals as they happcned to come to hand, and without considering
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whether cach individual in the population had an equal chance to get into the

sample. How shall we meke this ambiguous reference unmistakably ¢lear? Perhaps

we cun do it with an extra sentence -- more words, unfortunately, but in a good cause:

But nearly all the time the condition of drawing at random was not

vbserved,

Now we can start the next sentence with "Such drawings", and we have a clear

R S RV —

reference:

Such drawings were unwarranted shotgum marriages between the quantitatively

TR T AN U KA PR W T,

unsophisticated idea of a sample as “what you get by grabbing a handful"
and the mathematically precise notation of a “simple random sample”,

The colorful lamnguage (down to the last three words) can be kept exactly as is,

|
[

hecause it will certainly be cloar to the audience,

11, "simple random sample". Here again quotes are used, to show that the

AT I AT TR 4 e e

1 1L i b

phrase is a special term, We receive one more plece of information about it, that

ot HE PRI 9 N1 1

it is a mathematically precise notion. But we are not told the notion, and the

audience should be told., Let's say what it is, and decrease the mystery:

BT TN

a "simple random sample", a sample where each individual in the popula-
tion of interest has an equal chance of being drawn",

We put back in the acedemie phrase "of interest" to help preserve the flavor of

the authors®' writing, and because now the technical meaning of the word population

has been made clear previously.

L —— i b

12. In the years between, Now we have to pay a penalty for changing “in the

early years of the presemt century”. We said above "fifty years ago" and now there
are no “"years between"., Let's say "since that time",

13. semblance., [ think this is a wrong word. The dictionary definition of

"semblance" is:

semblance noun. (Old Freach) 1. One's outward appearance; form,

2. Countenance; aspect. 3. An image; likemess. 4. Resemblance, actual

- 134 -




1V 4TRSS B R

i

or appavent; similarity. §. Secming; especially, specious appecarance

or seeming; also, mere show.

Clearly a "semblance" is not enough. We have to have "some real steps in the

direction of", Let's say "approach",

14, mechanical (dice, coins, random nwumber tables, etc.) randomization. This

phrase is a mouthful, It is reasonable to rewrite it, maxing the ideas clear. We
put:
We insist on at least some appreach towards using 8 mechanical device
for selecting at random, a device such as coins or dice or tables of
numbers that occur at random, in order to draw individuals for the
sample.
15. before. The sentence has become too long, and we break it here, making a

flew sentence starting with the words "only then",

16, existent population. Here the authors have devoted just one word, "existemt",
to an idea of much significance: that there are some populations that do not
actually exist where any sample you draw is & random sumple, For example, when you
toss a coin fairly 50 times, the sequence of your 50 outcomes heads or toils is a
perfectly satisfactory simple random sample of the infinite population of all
possible fair tossings of fair coins, aid you have no problem of avoiding samples
that are nct ramdom. On the other hand when a population does exist, it exists
in space and time, and so0 does the investigator, and som¢ of the individuals of
the population are much more accessible to him than others, ard so he has to design
his sampling to avoid the bias accessibility may give,

It would be a help to the audience to devote more words to this important idea,
We can say:

a population that exists (some populations are indefinitely large and

do not exist)

17, members, What are "members”? In the early part of this sentence the
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word "individuals” was used for this idea. Let's stick to the word "individuols":
the same word for the same idea is often helpful in understanding.

18. entoring the sample. What is "entering"? Cloarly, the individuals of o
statistical sample may not have power to oct on their own. What is intended is
“being drawn for", Let's say that,

19, Since ,,., it follows ..., Here is a long sentence with many ideas to be

understood, We will be better off if we break it and say "..,; so it follows ....
20. means, This word refers to arithmetical averages, as mentioned above, Let
us put in a "reminder" definition:
the means’ (the averages)
to help the awdience stay on the trock of the idea which the authors intend,

21, of the_same size. The same size as what? There is an implied conditien

and comparison, So what is beirg asserted could well he stated a little more care-
fully:
the means of grab-samples of a given size resemble one another less than
the means of random samples of that size.
22, variobility. What is “variability"? The property of being variable? No,
The degree to which something is variable? No. This is a statistical idea, and the
authors are thinking of the measurement of the amount of variation or spread in a
sot of statistical observations. Let's select one phrase and stick to it, wherever
this idea is referred io., Suppose we use “degree of variation", which for this
audience may be a little more understandable than “"degree of variability",

23. although .... stability. These two scntences express some rather compli-

cated ideas statistically, which can hardly be adequately understood without some
professional knowledge of statistics. So let us omit some portions of the idea and
say only the rest:

Applying to grab-samples the formulas that are appropriate only for

random sampies and putting into those formulas the means of grab-samples,
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introduces bias, This leads to on unwarrsnted sppearance of & smaller
degree of variation in the population than actually exists,
Instead of "stability" we heove used "smaller degree of variation", Instead of
double bias, we have referred only to bias,

24, bias., What is "bias"? From the dictionary, we have:

bies noun. 2.c. Stoatistics. A tendency of sn estimste to deviate in

one direction from a true estimoate (as by reasen of non-random sampling).
A short reminder definition of this technical idea, which scems sensible te use
in this place, is:

bias (errvor in one direction)

25. independent, What are "independent” chances? Probably not all of the
sudience knows what "independent chunces" are. On the other hand, a fair amount
of the notion can be gathered from the ordinary mcaning of “independent", that is,
not depending on something else. Although it would be desirable to explain this
idea to the aoudience and nail it down, this would probably go too fer afield. So
regretfully we pass by the word without c¢larifying it,

26, likely range of fluctuation. The authors are referring to veriability which
we are calling “degree of variation." So let's say:

the likely degree of variation

27. sampling plans. Often o noun is put as an adjective in fromt of another

noun, and the preposition which previously connected them is supprossed. On these
occasions there is always an increase of possible confusion., The phrase "sampling
plans” sounds as if it might have a technical meening. Let us say therefore “"plans
for sampling",

28. mecasure of fluctuation. Let's translate this into “degree of variation,"

29, non-random samples. Let us say "samples that are not randem”,

30. entirely tenuous. “Tenuous" is a rare word, Also the meaning of thix

sentence is obscure unless the meaning of “"tenuous” is known, The sentence is like
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é "she was wearing o wimple”., The dictionary gives for the meanings of "teftuous": E
? 1. Thin; slender, 2. Rare; subtile; not dense, 3. Unsubstantiol;
? insignificant; flimsy."
é Lot's say:
? without a shred of justification
é 31, principles involved, What "principles”? Clearly, the principles of sampling.
: % Let's say so,
7 _ 3. Judging the Revisced Explanation
; % Again, most of the work of suimarlzing the vocobulary con be accomplished by
3 ? the computer program,
f Tho summary of the output appoars in the following table:
- é jocabulary Cla Texms Pexcentoge §
Nemo No.. Number  Frequensy  Number  Freguency
g Special terms 3 22 61 8.4 10.6 ;
% Allusions | 0 0 0 0 é
Key vocabulary 2 125 156 47.7 27,1 f
Ore-syllable vocabulary 1 115 359 43.9 _62.3 ;
Total 262 576 100.0 100.0
The special terms (grouped a little) are: :
randem, st random, randomly / 7 é
rendom samples / 4 §
simple random ssmple / 3
averages, on the average / 3
. bias / 1}
i degree of variation / 5 i

draw, drawing, drawings, drawn / O

grab samples / §

- 138 -




gy

N

independent / 1
meus / 2
population(s) / 7
probable error / 1
sample{s), sampling / 13
Every one of these terms is accomponied by one or more defining or helping
statements or phrascs,
There are no words in the key vocubulary (cless 2) which might disturb the
audience,

It scems evident thot the explanation s improved.

4, The Audience for "Screening out Potential Troublemakervs"

The second of the two somple explenations is Exp)anation & in Appendix 2, It
is taken from pages 40 and 4) of Chapter 8, "The Case of the Suspended Seatence™,
in "Pvinciples and Problems of Navanl Leadership", second edition, NAVPERS 15924A,
1964, 107 pages, prepared by the Burcau of Navel Persommel, aviailable from the
Superintendent of Documents, Washington, D.C., 70 cents, This publication:

attempts to synthesize some of the ideas developed in the sciences

of psychology. human relations, management, morals, and ethics and
present them in a Navy context, ..., The principles of effective
haval leadership are demonstroted in thiy text through the case-study
method.

The problem discussed in this chapter is what to do in a case where 5 certain
sallor vicleted a suspended senternce period by going absent without leave, and upon
return stated that he desired a bad conduct discharge.

The discussion is presented as answers to three questions:

1. Why docsan't the Navy screen prospective recruits te keep the trouble-
makers ouy ¢f itbe Navy?

2. At whot poin: i a van's "disciplinary career” should steps be taken
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te prevent further offenses?
i 3. When should o mon be separoted from the noval service for his own

good as well as the good of the Navy?

Tho correspending hoadings of the discussion orsg:
1. Screaning out Potentia) Troublemaksrs
2. The Common Poattern of Typical Troublemakers
3, Effects of Certain Types of Disciplinavy Action
Heve we shall restrict ourselves to the sample explanation consisting of the

whole discussion under the first heading only.

sty TN 110 TDGHIHRMENN kntlwin. @2,

The oudience for this cxplanation is mudc olesr from some of the statements in
the introduction to the text:
Tho oases and problems are actuol ones submitted by oxperionced officelrs.
... The prineiples treated here are considered to be simple, realistic,

and practicol. Properly understood, they can serve as a basis of practical

100 WA

operation for the naval officer cherged with the respomsibilities of
loadership, as this term is understood in the Noval Establishment,
The way in which the explanation is to be read and understood is further eoxpressed
by some more statements in the intrvoduction:

All the cases token together produce a body of principles and o pattern

of approach to most leadership problems. The technical terms of psychology,

sociology and scientific managoment have boen avoided, ,.,.The Concepts
underlying these terminologies ..., have beem to the greatest extent
feasible translated into the workfng language of the averaje naval officer,
In considering this explanation therefore, we can conclude that the audience
for which it is preparcd consists of Naval lime officers (in contrast to Naval stuff
officers) who are concerned with leadorship and with the supervision and management

of men.

- 140 -

v et M

ro—~s L

b

———"

i -

et o L

L b




b : 3
2 - - - - —
1 g p
3
|
8. Assessing the Explanation 3
E
: Examining the output of the computer progrem ond dofng 8 little ovithmetic 1
we obtain the following summary: i
§
E ] Vocabulary Cluss Terms Percentuges ?
L} = :
Nome No, Numbe ¥ Freguency Number Frequency j
Specinl terms 3 16 37 4.2 4,5 i
[ z
3 i
Allusions 4 Y 9 2.4 1.1 H
:
Koy vocabulary 2 161 235 47.6 20.7 E
One-syllable vocabulary 1 1744 530 _45.0 65.7 2
Z Total oo 019 100.0 100.0 3
4 3
3

This is a low percentage of speclal terms ond allusions: and we have no
criticism at this polnt, 3
1 We now examine the vocubulsry used in tho original explanation in the following E
] i
] way: 3
-~ list the 16 terms appearing in Class 3, and comment on thom,
i
1 -- list the 9 terms oppearing in Cloass 4, and comment on them, ;
] -- consider the tevms appearing in Class 2; select those which may give 3
’
somo difficulty (four);,and comment on them, i
4
This is done in Exhibit 1 at the end of this chaptoy, i
Summarizing Exhibit 1, we determine that the following 13 terms are not used 3
? well in the coxplanation; thev should be cither climinated or changed, or thelr use
‘; should be changed:
'; ;
g computers 3
: cybernetics :
3 A
we, our, us 1
i personal woral responsibility i
chi-squares
" 3
cocfficients of corrclation ]
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electroencephalograms

psychogalvanometers

Rorschach diagrams

; fluoroscopes
§ damnation
é exhausting
§ full-blooded
i
g
% 6. Revising the Explanation
% We now set to work to revise amnd rewrite the explanation.
In the original explanation, the main propositions stated or implied are shown
below:
é No. Main Proposition Paragqraph
1 '7§ 1  The behavior of human beings is far from completely deter- 1, 2, 4
: % nined by scientific or other laws.
; 2 The behavior of individual human beings is very variable. 2, 3, 4
3 Even if one could predict that recruits coming, say, from broken 5
homes would become troublemakers, neverthelecs some of the
i Navy's most successful personnel come from such homes.
% 4 Tests that seek to identify potential troublemakers have not been 6
% : successful.
E 5 Even if there were successful predictive tests, it might be dif- 7
% ficult for the Navy to inform some applicants that their test
; scores were insufficient. (See Note 1)
% 6 RPecause manpower supply is limited, the Navy has to accept some 8
i persons with poor backgreunds,
% 7 In periods of mobilization, even more persons with poor backgrounds 8
i have to be accepted.
4 8 Screening out potential troublemakers is important because of the 9

high cost of disciplinary problems.

- 142 -




g ool 2t Sk T T T

9 Once the Navy has poor recruits, it should do the best it can with 9
them. (See Note 2)
10  Some predictive factors bearing on troublemaking have been observed: 5, 8

coming from 8 broken home, a record of arrest, failure to com-

plete high school,

Mote 1., Proportion of Words. It is clear that too many words (four paragraphs)

are devoted to propositions 1 and 2. Furthermore, the discussion here is the source

of all the words in Vocabulary Class 4, which though colorful are not necessary and

may be confusing.

Nete 2. Invalid Arqument. Proposition 5, that it might be difficult for the

Navy to inform applicants that their test scores were too low for entry, is not a

valid argument, For over and over again the Navy rejects applicants for low scores

on tests, and the Navy is not required to siate all the implications of low scores,

Noie 3. Irrelevant Statement. Proposition 9, that the Navy should do what

it can with poor recruits, is not really relevant to the subject "screening out

potential troublemakers", But it is a reasonable proposition to include, since the

author is pointing out that it is both difficult and impractical to screen out all
potential troublemakers,

From the foregoing, it is clear that the original explanatiom has a number of
structural defects: (1) Propositioas 1| and 2 are covered toe volumincusly; (2)
the propositions are not arranged in a logical sequence, Let us try to arrange

ithe propositions in a more logical sequence,

g;g_ Rearranged Sequence of Main Propositions (with Connections) ;;:

8 Screening out potential troublemakers is important because of the high 1
cost of disciplinary problems, BUT

4 Tests that seek to identify potential troublemakers have not been 2
successful, BECAUSE

I The behavior of human beings is far from completely determined by 3
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1¢ Sonte vredictive factors bearing on troublemaking have been observed,
such as coming from a broken home, a record of arrest, or failure
to complete high school. BUT EVEN SO

3 Some of the Navy's most successful personnel come from broken homes.

AND

S Because manpower supply is limited, the Navy has to choose persons with
poor backgrounds.  AND

7 In periolls of mebilization even more persoas with poor backgrounds have
to be accepted, SO

9 Orc: the Navy has poor recruits, it should do the best it ¢an with them,

Other points that have been attended to in the process of revision are as
follows:

to mean precisely "Navy officers", which is the natural and desirable meaning in

this situation.

scientific or other laws, AND

The behavior of individual human beings is very variable. ~--<

Narrowing of Reference of Pronouns. The word “we, our, us" should be restricted

group of persons intended.

Each other occurrence of the word should be replaced by naming the

Removal of Exaggeration. A number of sentences should be revised from partially

true (or true only if interpreted in a restricted way) into exactly true sentences,

Example 1: Original: Many of those whr don't look promising can and have

become the finest sailors in the fleet.

Revised: Many of those who did not look promising in the past are

now amorg the finest sailors of the fleet.

Comment: The revision by the use of the word "“among" allows some of

"the finest sailors in the fleet" to come from those who looked

promising at the start,

Example 2: OQriginal: He can obey the law for 50 years, then murder someone,
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Comment: 50 years is a long time in a man's life, say age 17 to 67,
and would probably be outside of observation of men on active duty
in the Navy,
Revision: He can obey the law for 30 years, then murder someone,
Example 3: Qriginal: We know of none ((good tests)) to date, and efforts
to develop one have been unsuccessful.
Revision: Tests ... to date have not been successful in this sort of
prediction,
Trimming. By trimming we mean increasing the presision of words and statements.
Many unnecessary words can be omitted (provided the substance of the explamation
is retained) such as references to advanced or unclear ideas, including cybernetics,
refined computers, psychogalvanometers, Rorschach tests, the primrose path to damna-
tion, etc.
Many vague or sweeping statements can also be omitted:
People remain people. (What does that mean?)
A man can know all the rules. (What is the implication?)
No machine can have a built-in personal moral respomsibility. (Neither
do persons have one that is built-in, Besides, who can preve what will
happen in the programming of machines over even the next 200 years?)
We are now ready to rewrite the explanation., We have two guides:
(1) what needs to he said to smooth out the presentation of the propositions
in the revised, more logical sequence; and
(2) the original explanation, which will suggest ideas and wording
For we nced of course to take from the original explanation those ideas and ways of
speaking that are important and clear, so that we preserve the flavor of what is
here being said,

The result of the rewriting appears as Explanation 7 in Appendix 2.
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7. Judging the Revised Explanation
We are mow ready to assess the revised explanation,
r Examining the output of the computer program, and doing a little arithmetic, we ;
obtain the following summary: |
: Vocabulary Class Terms Percentages
1
* g Name No.  Number Frequency Numbex Frequency
4 Special Terms 3 5 8 1.8 1.5
i
£ Allusions 4 0 0 0 0 :
Key vocabulary 2 142 176 50,7 32.0
' One-syllable vocabulary 1 133 366 47,5 66.5
P Total, 260 550 100,0 100.0
£ H
i - The number of special terms is down to 5. The number of allusions is down to
5 i
F i zero. The total number of words is 550 as compared with 619. The presentation i
' § :
1 seems to be more logical and much clearer.
' |
: : |
i : ‘
. !

Con
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Chapter 8, Exhibit 1}

SCREENING OVT POTENTIAL TROUBLEMAKERS --

ASSESSMENT OF EACH TERM IN CLASSES 3 AND 4,

CERTAIN

Frequency
AWOL 1

behavioral principles 1

communications systems |

computers 2
courts martial 1
cybernetics 1
go over the hill ]

naval retraining com- 2
mands

on board
20

we, our, us

per. a3l moral respon- |}
sibhility

troublemakers, problem 5
maker

Note 1, on Computers.

TERMS IN CLASS 2

Class 3
Meaning and Notes
"absent without leave"
"principles of human behavior"
"systems of communications"
"machines for computing and
reasoning"; comments made

but not correctly; see Note 1

"courts martial" (there is no
adequate synonym)

definition given, though not
correctly; see Note 2

“hecome absent without lecave"

commands for retraining naval
personnel

"included in the Navy"

many different meanings; see
Note 3

not clear in the contexi; see
Note 4

men in the Navy who cause
disciplinary problems

P

AND
Assessment
acceptable

probably understandable
acceptable

acceptable

surcly understandable to
this audience

acceptable

acceptable

surely understandable to
this audience

acceptable

ambiguous

probably has different
meanings to different
people; ambiguous

acceptable, but only the
one term "troublemaker”
should be used, for the
sake of clarity

The term "computers" occurs in two contexts:

-- "complex mechanical-electronic communications systems, such as computers”

-- "to believe that there is an essential difference between men and highly

refined 'computers

(Rl
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What is a computer? One authoritative definition is given in the standard
intornational "IFIP-ICC Vocabulary of Information Processing”, North Holland
Publishing Co., 1966, According to that definition, a computer is:

A device able to execute a systematic sequence of opevations on
deta, amd to perform a substantial computation imcluding numerous
arithmetical operations, without the intervention of a human operator,

This definition clearly depends on the definition of “data”, The definition
of "data" given in the same source is:

A reopresentation of facts or ideas in a formalized manner, capable
of being communicated or manipulated by some process. (Examples:
printed text, punched cards, electrical signals,)

The trouble with the use of the term "compuier” in the original expianation
is that in hoth cocurrences a rather obscure meaning is necessary for it, First,
it is not true that every computer is a complex mechanical-electronic communica-
tions system (some computers are not electronic at all). Second, there is no
indication given as to what meaning "highly refined" is to have in connection with
the word "computer",

The term "computer” occurs so oftem nowadays that many pcople have rather a

good idea of it., It should be fairly clear to this audience,

Note 2 on Cybernetics. This teri is defined where it occurs in the explanation,
The context is:
the science of cybernetics (a comparative study of complex mechanical-
electronic communications systems, such as computers, with the control
system formed by the nervous system and the brain),
Is this definition correct?
Here are some other definitions of "cybernetics”:
-- 1. The comparative study of the coniral and the internal communication
of information-handling machines and the central nervous systems of

animals and men, in order to understand better the functioning of
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brains and communications, 2, The study of the art of the pilot or
steersmaon,
-- "Glossary of Terms in Computers and Data Processing”
by E. C. Berkeley and L, L, Lovett, Berkeley
Enterprises, 1960, 96 pp.
-~ comparative study of the control system formed by the nervous system
and brain and mechanical-cl-ctrical communications systems, such as com-
puting machines,
-~ Webster's New Collegiate Dictionary, Merriam Webster
Co,., Springfiold, Mass,, 1960, 1174 pp,
-- the science of exploring analogies between organic and machine processes
-~ IFIP-ICC Vocabulary of Information Processing, op. cit,
-- the science of automatic control
-~ Aerospace Dictionary, by Frank Gaynor, Philosophical
Library, New York, 1960
-~ the comparative study of the automatic control system formed by the
nervous system and brain and by mechanoelectrical communication systems
and devices {(as computing machines, thermostats, photoelectric sorters)
-- Webster's Third New Internatjonal Dictionary,

G. & C, Merriam Co., Springfield, Mass., 1961, 26062 pp,

The modern use of the term originated from a book published in 19480 by John

Wiley and Sons, New York, writtem by the late Norbert Wiemer of Mass, Inst, of

Technology. which was entitled “Cybernetics, or Control and Communication in the

Animal and the Machine”,

The term is derived from a Greek word "kybernetes" meaning "steersmsn, governor."

The term has been used in the years 1940 to the present in many differert ways,

and has currently rather a diffuse meaning., It is currently an unpopular term with

many scientists because of its vagueness,
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In regard to the definition of “cybernmetics" given in "The Case of the Suspended

Sentence™, we can comment 85 follows:

-- "oomplex" is wrong; simple systems are also included;

“mechanical-electronic" is wrong; "mechanical-eleotricel"™ would be cor-
rect
-~ the idea of "the interngl automatic comtrol system in the animol and

the machine" is not clearly presented in the definition:

exanples of computers other than thermostats and photeelectric

sortees would have helped and should have been given;

3 -

it would have beou desirable to refer to the nervous systems and brains
of animals as well as those of human beings.
Note 3, on We, Ours, Us. These terms have been put into class 3 because they

shift in meaning., They may actually have any one of cight meanings:

scientists the Navy j
Navy officors the author of the writing ;
the Unitod States the military services of the United ;

States f
the author and the audience together |

the audience

Following is the evidence:

No. cantext Meaning :
H "if we counid say that human beings ... would autometically scientists %
react" i
% 2 "we are not implying that people are in no way the author of this '
predictable® writing
; : K] "nor do we impugn the ... sciences" the author of this
: writing
F z
E ; q “Suppose you said 'We know ,...'" a member of the :
: audience
5 "so let's exclude any recruit” the Navy
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6 "might exclude some of our most successful personnel"

7 "is there ony simple ... test or gquestion that will tell us,..”
0 "We know of none to date” (Note: The sensc here must be thet

sclentists know of hoho to dato, bocause clearly the know-
ledge of the author and the reader together will not he
expert enough.)

9 low big is our manpower supply?

10 Could we leave out all the potential troudblemakers,.,
11 we have to have a certaln minimum number of thesc men on board

12 As 8 further example, we find that the man most Jikely to wind
up in b retraining command

13 to We have some of the finest people in the world -- and we
15 have our problem makers .,..

16 Justifiable as our complaint may be ...,

17 to Once we have them, we have to do what we can for their good
19 and the good of the Navy

20, We Increase the chances of such success if we catch the
21 potential troublemakers at the beginning ....

Note 4, on Personal Moral Responsibility.

cgeeurs in the statement:

no machine ....

the Navy

the suthor and
the reader to-
gother

scientists

(1) the military
services of the
United States

(2) the Navy

the Navy

the Navy

(1) the Navy

(2) the suthor and
the rewder to-
gether

the Navy

the audience

Navy officers

the Navy (becouse
Navy officers by
themselves could
not do it all)

The term "personal moral responsibility

cah have o built-in personal moral rosponsibility

In the Collegiate Dictionavy, there are ninc definitions of "moral"™; no., 7 scems

to be the closest:

sanctioned by, or operative upon, one's conscience or e¢thical judgment;
9

as, a moral obligation

There are seven definitions of “personal”, and No. 1 appears to be the closest:

of or pertaining to a particular person
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Among reveral dofinitions of “rcsponsibility" and "responsible” the one that

»aus

scems to fit closest with the meaning of "responsibility” here is:

.
———

state or quality of being oble to rospond or answer for one's conduct und

oehligotions

Rl T

Combining this information, we have the following probable definition for the
term:
quality of being able to answer for one’s conduct and fulfil one's
obligations as sanctioned by one's conscionce or ethicol Judgment
: Fortunstely, there are mony instances in the experiences of petsons where the

"personai moral responsibillty" of the person is exerclsed. as for example, u

[ 4

rasponsihility for treating one's subovdinates fairly, with respest, and without

favoritism,

é So, although this torm is vague ond hord to define, and although thero would :

3t 4 AN LER I S MR SR L i ae T
L RN k) o S e o kine v sty i 46 i

be disagreement about which sorts of cases are included and which are not. there i

ig likely to be a common area of meaning. Wo can accept this term as probably

i gh

4 wnderstandable to this audience,

What about the term "buile-in"? There is excellont evidonce that o personal

moral responsibility is not "built-in" for any persomn. It comes from the training,
education, wnd experience of the young person in the ecwvironment (particularly the
family) in which he is brought up from 2 baby to on ovdult., A person brought wp in

an envirvonment with no contovt with other human beings noy with a human culture

R ETITT PTeTT n

H will not possess any personal moral responsibility, A pair of eyes may be built
into u human being, but not a personal moral responsibility, The term “built-in"

is not corrvect,

Class 4
Tern Freq. Context or Meaning Assessment
behavioristic 1 2 school of psychological thought Probably under-

standable
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mechanistic

chi-squares

coofiicients of corre-

lation

c¢lectroencephalograms

psychogoelvenomotors

Rorschoch

fluoroscopes

X-rays

'@ 1'

———

damnation

exhousting

fnil-bicoded

primrose path

[

o school of psychelegicoal thought

"Chi-squares oud coefficients of corre-
lation can ascertoin the probabilitics
of how muny people will prefer .... to

e o n

"Electroencophalograms, psychogolvae-

nometors, ond Rorschoch diagnoses can
tell o lot obout what goes on in his

mind and 1n his emotional makeup,™

"X-rays and fluoroscopes can strip him
of every pnysiological secret,"

N

Class 2

Meaning_and Notes

not clear scientifically; may have ob-
jectionable overtones for some rcaders

occurs in the phrese "in exhousting de-
tail"; here it is 8 wrong word; the
phrase should be "in oxhaustive detail"

occurs in the phrase "a full-dblooded
American boy”; members of a specifle

race such as Indians can be full-bhlooded.

but very few Amertcans ave: heve It s
a wrong word; the phrase probably in-
tended §s "red-blooded Amecrican boy"

taken from a familiar quotation from
Shakespeare, "the primrose path of
dalliance troads"

Probably under-
standuble

Unkinown to this
sudjienco

Unknown to this
audience

Unknown to this
audience

Unknown to this
audience

Unknown to this
audience

Brobably under-
stondable

Probably under-
standable

Assessments

to be climinoted

to be changed

to be changed

probubly under-

standable to
this sudience




In
1
P
e
E
3

BERLLERAL LGt

SRS NI ot raan.

ERRCTIL T

Chapter 9
Practical Aspects of
Revising and Improving
Explanations

Outline
1. The Value of a Good Explanation
2. The Measurement of a Good Explanation
3. The Effort to Make a Good Explanation
4. The Value of the Computer Program for Vocabulary Analysis

311
.

Knowledge Necessary for Revising

In this chapter, we take up questions of the practical aspects of good explanation:
o How wortnwhile is a good explanation?
+ How much effort is worth putting in, in order to produce good explanation?
« Does it make sense to put a draft explanation into a compuier program and
analyze its vocabulary? Could you not accomplish more without bothering
with the computer?
« How much knowledge does one need in order to revise and improve an

explanation?

1. The Value of a Good Explanation

The value of a guod explanation is like the value of a key. You may not need a

"-"""“""“"“"""“MW%

[RTTITEn]

a0

key tc go through a door, but if you need a key, and you have the right key, then you can

go through and otherwise you can't.
For example, I remember a time when gasoline trucks were labeled "inflammable",

though nowadays they are always labeled "flammable". The reason for the change, of
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course, is that sometimes the prefix "in-" means "not", as in "ineligible" meaning "not

eligible" and "incomplete" meaning "not complete”. And some people were confused --
sometimes disastrously confused and lost their lives -- thinking that "inflammable”
meant "not able to catch flame". And so they were completely misled by the word
"inflammable", believing it to mean the opposite of what it does mean. So the explana-
tion was changed. and the invented word "flammeble" is now painted on gasoline trucks.

In such a case as this, the value of the good explanation is enormously high, to
the man who might otherwise lose his life, And in a number of cases, if a good explana-
tion makes sumething possible where a poor one makes it impossible, the good explanation
has a similar ¢rucial value,

The value of a good explanation also depends on the number of people who will be
using the explanation, and the degree of difference between the good explanation and an
ordinary explanation.

Suppose: that 10,000 people will use an explanation; that a good explanation will
require an hour to understaid; and that an ordinary explanution will require two hours
to produce the same degree of understanding. Then, if the time of these pecople is worth
$3 an hour on the average, the difference in value between the two explanations is
$30,000, Suppose it takes an extra eight hour day from a man receiving $10 an hour to
make the good explanation instead of the ordinary one. Then the investment of $80 in the
explainer's time gives a return of $30,000; this is a good bargain.

0f course, these figures are sample figures only. But they show the pattern in

which similar calculations could be made for other cases with different data.

2, The Measurement of a Good Explanation
An explsnation is good 1f it nroduces understanding, if the persons receiving the
explanation can do certain desirable things that they could not do previously. For
example, they may be able to answer certain questions that they could net answer

previously,
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Some improvements 'n explanation requirc no testing or measuring at sll. For

o s s

example, if in Explanation A, a certain strange term has no definition, while in

o

Explanation B, the strange term does have a good definition, it is undeniable that

N s g 11

Explanation B is better, at least in this respect.

Other improvements in explanation may however require testing. It would be normal
and reasonable to select a group of persons that were typical of the audience for which
the explanation was being prepared. The group could be divided into two equal parts at
random; Group 1 and Group 2, Group 1 would read and study Explanation A and answer
certain questions; Group 2 would read and study Explanation B and answer the same
questions; and comparison of the answers should show differences in the effectiveness
of the explanation,

More knowledge of the effectiveness of the explanations could be gained if, after
Group 1 had read Explanation A, and answered questions, then they should read Explanatiof
B, and answer the questions. And Group 2 fter reading Explanation B, would then read

Explanation A, and answer the questions.

3. The Effort to Make a Good Explanation
The amount of wovk in judging and improving an explanation (as shown in the last
two chapters) seems to be enormous. Isn't this amount of work prohibitive?

Actualiy, it is not., Tt {s the kind of work done regularly by good editors of

o) W

magazine articles, goed writers of technical manuals, and other persons professionally

concerned with the presentation of information, The technique once learned takes far

less time to =sarry out than it does to talk about it. It is something like the tech-

nique of a good tenais player —much easier to do and do well, than it is to describe

it and teach {t.

Some of the effort can be delegated to a computer, which can inventory and count
the words in the explanation classes, 3, 4, 2, and 1. This focuses the attention of 1

the explainer on what he needs to do.
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Also, much of the effort is inevitably made whenever an author or editor changes

a first draft of a piece of writing into a second draft. The author or editor considers

each term, phrase, and sentence, und tries to clarify and improve the expression of
the thought,

4. The Value of the Computer Program for Vocabulary Analysis

How useful is the computer program for vocabulary analysis? Would it not take
less effort to apply the principler of revising without using the computer?

Of course, 1t would be possible to do much the ssme revising and improving of

an explanation without assistance from the computer program.

But the computer program does require or make a decision about each word occurring

in the explanation, as to which explanation class it belongs in, Also, when the author

examines the lists of words produced by the computer on preliminary runs, he catches a

number of mistakes in classifying words and the phrasing of the explanation., The

computer focuses a bright searchlight on the vocabulary being used.

The computer program also tells how often words are used, The knowledge that a

special term is used many times identifies it as a key idea. The knowledge that a

special term is used only once is an invitation to dispense with it.

In one of the original explanations, 29 special terms hnd & total frequency of 50,

an average use of 1.72 times. In its corresponding revised explanation, 22 special terms

had a total frequency of 61, an average use of 2.77 times. This change is a clear gain:

fewer terms used more often increase understanding and learning by the audience.
The Key Vocabulary consists of the words tagged 2 in the explanation, and they are

words of two or more syllables that are used for explaining, that most readers know or

probably know, and that are not explained. Some of these words can be replaced with

advant age; and possible replacements to be considered could be turned into another

guide for explainers.
For example, most of the time (but not always) "often” is just as good as "frequently",

"mainly” is better than "primarily", “shorten" is better than "abbreviate”, "just right"
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is better than "precisely correct”, "place" is as good as "situation”, etc. We do not

wish to change or dilute any desired meaning. But it is silly to use a long word when

a short word will do a better job, A guide for translating long words into short words

could be helpful,

5. Knowledge Necessary for Revising

What about the amount of knowledge needed to clarify and improve an explanation?
Isn't it rather difficult to revise and improve an explanation? Doesn't it require a
good deal of technical knowledge?

Certainly, to revise well does require a good deal of technical knowledge, and
also a good knowledge of English; and revising is often difficult, Im fact revising
may be almost impossible if the person revising (the editor) does not have good know-
ledge of the subject.

However, even in such a case, the editor can:

-- look up terms in a dictionary;
-- read and study the field:
-~ gonsult persons who know a good deal about the field and find out from

them what probably is meant by the text.

Sometimes, the editor can take the explanation back to the author and find out from

him in many places just what he mecant to say. Sometimes, however, the editor completes

or perfects what the author was trying to say, what the author meant to say when he

actually wrote something difterent,
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Chapter 10

3
!
3
3

Other Assistance from
a Computer in Explaining

IR VAT

Lt i R Ral Lkia e

3 OQutline
1. Sentence Length

Ve

2. Computer Program for Averuge Number of Words per Sentence
3., Testing of the Program

4., Ratio of Number of Syllables to Number of Words

5. Number of Syllables

6. Classes of Exceptions
7. Omissions
8. Computer Program for Ratio of Number of Syllables to Number of Words -

9, Determining a Frequency Distribution and the Sum of Two Frequency Distributions

10. Computer Program

11, Determining the Presence of Key Words and Phrases in an Explanation

12. Computer Program

i, e it i 1 B gl b e vt

i
13, Other Possibilities 3
In Chapter 6 we described and illustrated the application of a computer program §
which would take im words and indivisible phrases of a piece of writing, and would :
3

classify them in four classes: the Special Vocabulary; the Allusion Vocabulary; the j
Key Vocabulary; and the One-Syllable Vocabulary. This computer program has been ;
used in a number of places in this report to analyze the vocabulary of various i
pieces of writing. %

Of course there are many other ways also in which a computer program can assist

SRSy Q]
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in the improvement of explanation, and canm perform various useful tasks in conncction

o e M U L,

with ex»lanation. Four such ways are described in this chapter, (including stating

a program and reporting tests of it.,) Many more possible ways can be easily seen,

1o o

1. Sentence Length

R —

Among the computer programs that can be useful in controlling the quality of :

an explanation is one that determines the average numbor of words per sentence in

it v b ot v S
b

a piece of writing.

LT LTIV T L, P

Sentences of an average length of 10 words give a choppy and disorganized im-

pression to the usual adult reader, Sentcnces with an average length of 18 to 20
words are charactoristic of good standard writing in modern English., Scntences

with an average length of over 35 words are rough going., For example, Table 1, : §
which is takenm from "The Art of Readable Writing" by Rudolf Flesch (Harper's, 1948) ; E
shows the association between the average sentaence length (in number of words) and !

the kind of audience which typically reads writing of that kind. (Of course, since

0P £ T 1 oo ot -

this table is 19 years old, the information in it should be accepted with some

caution,)

©—

The average number of words per sentence is, of course, not a sufficient factor
: to judge the readability of writing., Other important factors affecting readability i %
‘ are: number of syllables per 100 words; number of persomal references per 100 wouds; ]
density of packing of idcas; etc. FEven so, it is useful to have a computer program

to determine the average sentence length in a piece of writing,

2. Computer Program for Average Number of Words per Sentence

A computer program which determines the average number of words per sentence

in a piece of writing is shown in Exhibit 1, This program is written in the computer

[
val g 1 st

programming language LISP. This program defines three functions:
NSNS, which is short for "number of sentences"
NWDS, which is short for "number of words"

RAWDSN, which is short for "ratio of number of words to number of sentences"
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Table }
SCALE OF READABILITY OF WRITING

Description Average Sentence Average No. Estimuoted Estimated
of Style Length of Syllables School Grades  Percent of
of Readability in Words per 100 Words  Completed U, S, Adults
Very Easy 8 or less 123 or less 4Ath grade 93
Easy 11 131 Sth grade 91
Fairly Easy 14 139 6th grade 88
Standard 17 147 Tth or 8th grade 63
Fairly Difficult 21 155 some high school 34
Difficult 25 167 high school or RN

some college

Very Difficult 29 or more 192 or more college 4-1/2

Source: "The Art of Readable Writing", by Rudolf Flesch, Harper Brothers,
New York, 1949, p, 149

Division in the particular LISP system used discards any remainder, But we
would like to have the ratio of number of words to number of syllables to (say)
two decimal places; so we define RAWDSN to be 100 times the correct ratio. Then
when the answer is reported by the computer, we insert the decimal point two spaces
in from the right hand end of the number,

For testing the computer program, we use two examples, PSGl (short for "Passage
1") which is shown starting at line 00130 in the program, and PSG2 (Passage 2) which

is shown starting at line 00200,

J, Testing of the Program
In the lower part of Exhibit 1 appears the machine record of testing of the
defined functions on passages 1 and 2.

After the LISP system is in the computer, the user calls the LISP function

- 161 -




0

ST EAL U i

T Oy

AL

RELL " TIRITAY

"evaluate" using the commond EVAL, and gives EVAL the name of the function,

"numbar of sentonces of", and the name of the argument, "passage 1", in the style:
EVAL ((NSNS PSG1))

The computer responds 3,

This is correct since passage 1 does have three sentences. (Because of LISP
requirements, the sentences are not morked by periods, but are enclosed in parentheses),
Similarly, for the other five examples,

The ratio of numbher of words to number of sentences (the average sentence
length) in passage 1 is 15.66 (putting the decimal point back in), This is soatis-
factorily correct, since the number of words, 47, divided by the number of sen-
tences, 3, is 15,67, It is not necessary in this computexr progrom to be fussy about

the failure to round off hundredths of a percent to the nearest hundredth, g

4, Ratio of Number of Syllables to Number of Words
Another measure of the difficulty of am explanation is the ratio of the number

of syllables to the number of words., If there ave many syllables and fow words,

.t

the explanation is "polysyllabic¢” and hard to understand. For example, we try to
change "Extinguish the illumination” to "Turn out the light",

We desire a computer program which will determine the ratio of the number of
syiiables to the number of words in 3 piece of writing.

Such a computer program has bheen worked out and applies to nearly all cases,
producing the correct result in probably more than 99.9% of the cases of words that
will actually arise in practice,

This program was also worked out in the computer programming language LISP,

~

5. Number of Syllables
In general (there are exceptions), we can determine the number of syllables

in a word by the following major rule:

Wherever a group of one or more vowels is set off by consonants, a
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syllable is produced. Also, If a group of vowels occurs ot the end
of a word, or at the beginning, one more syllable Is produced,
Examples:
RESPONSITIBILITY: 6 groups of vowels: O syllables
BOOKKEEPER : 3 groups of vowels: 3 syllables
We can express the rule in procise English as o procedure thet can be translated
into a computer program:
1, Consider cach letter of & word successively.
2. Start a counter at 0,
3. If the lotter is a vowel and if the next letter is o consonant or there
is no next letter, add 1 to the counter,

4. Otherwise, add 0.

-

G, When the word is finished, the counter will tell the numbexr of syllaubles,
We can translate this procedure casily into LISP, as follows.
To make sure that the program knows the vowels, we choose VW as a name for
vowels and define it in I.ISP as follows:
CSET
(VWW@AEIOUDY) )
Second, we choosc NVCL (an abbreviation for "number of vowel-consonant classes™)
as a name for the procedure, and express in LISP the following procrdure:
i, Define NVCL for any iist of letters L. as the result of the followiug
program, which makes usce of two new variables U and W,
2. Set U equal to the list L. at the start.
J. Sct W equal * zero st the start,
4. Put down a place marker A,
. If U is cmpty, return W as the answer,
6, If the first letter of U is a momber of the c¢lass of vowels, and if

the second letier of ©§ is not a member of the class of vowels, then

sct W to the old W plus 1, Otherwise, make no change in W,
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7. Set U to the old U after dropping the first lotter of U,
6. Go to A end repeat.
Exhibit 2 contains some oxamples of the actual operation of our defined function

NVCL.

6. Classes of Exceptlons

There are several large classes of exceptions., These are words which end in
E, E S, or £ D, where the lettor preceding this ending is a consonant (examples,
CARE, CARES, CARED), In such cases we should subtract gne from the number
given by NVCL,

But there ave &xceptions to these exceptions. Some are like PUZZLE, PUZZLES,
PUZZLED, SABRE, SABRES, SABRED; these hove no subtraction., Someo are like CHANGES --
no subtraction, but for CHANGE ond CHMANGED, subtraction. Some are like FADED -- no
subtractien, but for FADE and FADES, subtraction.

To take care of them, we shall define a “"key consonant ¢lass" (abbreviation
KCC) which consists of the group of consonants in sequence that precedes the ending
€ ES, or ED,

So our large classes of oxceoptions will be handled by the following rule:

I. Subtract 1 if the word ends in £, € S, or E D, and the preceding iettor
is @ consonant.

2, Add back 1 if the word ends in E snd the key consonant class has 2 or
more letters and the last letter is L or R (ABLE, SABRE) but the KCC
is not L L nor R R (QUADRILLE, FINISTERRE).

3, Add back 1 if the word ends in £ S and the KCC (i) has 2 or more letters
and the last letter is L or R (CABLES, SABRES) but not L L or R R
(real word, QUADRILLES, possible word, FINISTERRES), or (ii) has
one or mere letters and the last ome is C, G, $, X, or £ or the
last two letters are C H or S H (BRACES, CAGES, PHRASES, BOXES,
BLAZES, PITCHES, WASHES),
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4, Add back 1 if the word cnds in E D and the KCC hos (i) one or more
letters and the lust one iz D or T (FADED, BAITED) or (11) has ? or
more letters ond the 185t one Is L or R (examples, TABLED, SABRED)
but not when there are just two letters amd they arc LL, RL, SL,

WL, or RR (CALLED, HURLED, AISLED, BOWLED, STIRRED),

This rule does not provide for short words like HE, YES, und RED, and so we have
to insert o condition that the number of syllables is never smaller than 1.
This rule has been exovressed in the LISP computer program in Exhibit 2, We

shall not try to explain the detatls here. Exomples of its operation are shown.

7. Omissions
The program doas not provide for:
-~ words like PIQUE and ANALOGUE wheore the ending is UE yet there is no
ndditional syllable as there is in RETINUE and CONTINUE:

R SN o0 T G LA SR

=~ words like CREATED, COERCE, COOPERATING, RELIABLE, where two vowels
written next to each other produce an extra sylloble.
For handling cases like these, which are relotively rare, we could make use of 3
tag which the computer progrum would recognize, ond then correct the number of

syllobles. Or we could provide a table of exceptlonal words which the computer

program could refer to. But since the number of syllables is being used as o

stotistical measure for judging writing, it is more practical to neglect these

cases,

Zoif Lo Lrn o

8. Computer Program for Rotio of Number of “yllables
1o Number of Wovds

Now that we have o way of counting the number of syllables, the rest of the

S TR IRCATRLER T e T

computer program for determining the desived ratio is simple. It closely resembles

L

the preceding program for determining the ratio of the number of words to the

number of sentences. (Mathematicians would call the resemblance "jsomorphic”
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meaning "having precisely the same structure"),
This computer program is stated im Exhibit 3. It is tested on each of two

passages., One, called Passage 3, is:

The LISP Language is designed primarily for symbolic data processing.
This has a ratio of 20 syllables to 10 words, or 2.00. The other, c¢alled Passage 4,
is:

It has been used for symbolic calculations in differential and integral

calculus, electrical circnit theory, mathematical logic, and other

fields of artificial intelligence.
This has a ratio of 52 syllables to 23 words, or 2.26. The computer program for
reasons described previously gives 100 times this ratio, 200 and 226, On the scale
of difficulty of reading given in Rudolf Flesch's book, "The Art of Readable Writing"”,
both these passages score beyond 192 syllables per 100 words, and are therefore

classified as "very difficult”.

9. Determining a Frequency Distribution
and the Sum of Two Frequency Distributions

Another of the programs useful for studying the vocabulary of an explanation is
a program which will take in the explanation, and put out a frequency distribution
showing each word occurring, and the total number of occurrences of each word in
the explanation, The program should also arrange the frequency distribution in
alphabetical sequence.

This task has much the same structure as a simpler program which will uwetermine
the frequency of occurrence of letters in a list of letters, Of course, there are
only 26 different letters whereas there may be hundreds of different words
explanation, However, the structure of a program to determine a frequency distri-
bution of letters will be very similar to the structure of a program for determining
a frequency distribution of words. Since we are considering structure, we shall

consider the simpler problem for letters,
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Consider an cxample which will show the operations that must be expressed in
the computer program, Suppose we wish to make a frequemcy distribution of the
string of letters:
THELISPLANGUAGE
Paying no attention to the order of letters in the alphabet, the first frequency

distribution which we obtain is:

] T 1 L2 A2
é H 1 11 N1
E E 2 s 1 G 2

P1 U1

Written in a list it is:

TIHLIE2L2I1S1PlALINLCGC2U]

Now we desire to put this frequency distribution in order according to the
alphabetic sequence of letters, The result is:

A2E2G2H1II1IL2N1IP1ISITIUL

We may have a second string of letters:
ISDESIGNEDFOR
The alphabetically ordered frequency distribution for this string is:
D2E2F1G6G1I2N10O1R1S2
Combining it with the first frequency distribution, the sum of the frequency dis-

tributions is:

A2D2E4F163H1TIJIL2N201IP1R1S3T1U1
These examples display the stsges of the process which we desire to express in

2 computer program,

10. Computer Program
The functions which we need to define in the computer program are the following:
COUNT Given a list of letters, and a particular letter, count the aumber of its

occurrences in the list,
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DELETA Given a list of letters, and a particular letter, delete from this list

all occurrences of that letter.

FQDS Given a list of letters, produce the froquency distribution consisting of
each letter occurring once, and after each letter a number saying how é

often it occurs,

i NUM Given any letter, find its number from 1 to 26 in the alphabet, g
i SEQ Given a frequency distribution of letters in any order, produce the same é
; frequency distribution but having the letters in alphabetic order. g
% ‘ SUMFD Given two frequeacy distributions in order produce their appropriate sum ?
% in order, ;
é ) In Exhibit 4 ; computer program is stated which defines all these functions,

and at the end gives several examples. The last example is:
EVAL ((SUMFD (SEQ ( FQDS PSG6)) (SEQ (FQDS PSGS5)) ))

This says:

Aty M s ol b i R

EVALUATE the sum of the frequency distributions «- namely SUMFD --

v

found from Passage 6 (PSG6) and from Passage 5 (PSGS5),

TR YHES W4 630w urm v vty 0 11N RO AR g

-

The answer reported is:

(A2D2E4F163H1I3L2N20C1IPIR1S3T1IUL),

which is the same as the sample answer given above,

RIS

1i. Determining the Presence of Key Words and Phrases

in an Explanation

AT U R oty e eI

Another thing which we might like to know about an explanation is whether or

AT I SRt o st i

not certain key woxrds and phrases occur in it,

E : As an illustration, suppose that we wanted to know whether any of a group of words

E or phrases that mark the presence of an example or instance occur in an explansation, é

E : The list might be: 2

' i such as say for example {
for instance for an example

- 168 -

P a8 TR




A

AR e

LT

- s [ T T, - - e Eme e

12, Computer Program

A computer program has beenr worked out in LISP which will report whether or
not any one of a list of given words and phrases occurs in an explanation.

This computer program is stated in Exhibit 5.

In order to use this program, the following procedure applies:

1. Nake a lisi of the key words and phrases that we desire to check;
call it L.

2. Give this list to LISP in the form of a list of sublists of atoms
(LISP term), each atom being an English word,

3. Give the passage which we wish to examine to LISP in the form of a
list of atoms (LISP term), each of which is an English word,
Call it P,

4. Employ the defined LISP function OCUR, which is short for "report
whether any one of the key words or phrase OCcURs in the passage",
with two arguments L and P,

5. If one occurs, the report is *T* (LISP term for "true"),

6. If none occurs, the report is NIL (LISP term for "false"),

This program applies to phrases of single words, phrases of two consecutive
words, and phrases of three consecutive words.

This program can be easily modified if phrases of four or more words are to
be checked, It can also be easily modified to cover cases where a phrase may be
divided. For example, comsider "such as" which may be separated as in the passage:
"Corundum, which is aluminum oxice, occurs in nature in such gem varieties as ruby
and sapphire, and as the common, cconomically important mineral emery, useful for
abrasives."

Illustrations of the use of this program are shown in Appendix 5. Appendix 5
shows that a list of five key words and phrases is given to LISP, with the comnand

CSET (which may be thought of as meaning "CONSTANT SET"); this list is named LSI,
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which is short for "List

1". Then five short passages are also given to LISP with

the command CSET; their names are PS5G0, PSG9, PSG10, PSGll, and PFSG12. One of

them, passage 10, contains none of the key words or phrases, The other four all

contain different key words or phrases.

The testing of the program on these examples is also shown,

EVAL is oalled, and EVAL
L and P. L in this case
PSG10, PSGLl, and PSG12.

correct, and the program

is given the testing function OCUR and its two arguments,
is only LS1. P has five possible values PSG8, PSG9,
The answers *T* (for "true") and NIL (for false) are

therefore appears to be correct,
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Exhibit 1

COMPUTER PROGRAM FOR AVERAGE NUMBER OF WORDS PER SENTE™CE

00010
30020
09030
00040
03050
00060
00072
00110
00120
00130
00143
00150
00160
00170
00180
00190
03200
00210
00229
00230
00240
00250

DEFINE ((
(NSNS (LAMBOA (L) C(LENGTH L )
(NNDS CLAMSOA (L) C(COND
((NULL L) O)
(T (PLUS CLENGTH (CAR L)) (NWDS CCOR L)) M
CRAYOSN C(LAMBDA (L) CQUOTIENT CTIMES 100 C(N&DS L))
(NSNS L)) 0
»

CSET
CPSG1 (CTHE PURPSE OF THIS BOOK 1S T2 PROVIDE AN INTRZOUCT I@N
TO TEACHING MACHINES) CTHIS BRANCH OF KN@WLEGGE HAS GRO#N
OUT OF PHYSICAL EXPERIMENTS DEALING NITH THE PROCESSES
OF LEARNING AND TEACHING) CTHESE EXPERIMENTS HAVE INCLUOED
VARIED SUBJECTS SUCH AS PIGEGNS AND RATS AS WELL AS HUMAN
BEINGS)) )
CSET
(PSG2CCTHE L ISP LANGUAGE 1S DESIGNED PRIMARILY F2R $YY80L1C
DATA PRECESSING) (1T HAS BEEN USED F2R SYMBOLIC CALCULATIONS
IN DIFFERENTIAL AND INTEGRAL CALCULUS ELECTRICAL CIRCUIT THEQRY
MATHEMATICAL LOGIC AND OTHER FIELOS OF ARTIFICIAL INTELLIGENCE)
CLISP IS A FORMAL MATHEMATICAL LANGUAGE)) )
STOPYIH) 1))

v EVAL (CNSNS PSG1))

3
JEVAL (CNHDS PSG1))

47

v EXSL CCNNDS PSG2))
J EgAL (CNSNS £$G62))

v EVAL (CRANDSN PSG1))

1566

v EVAL ((RANDSN PSG2))

1300
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Y0010
00020
00030
00040
00050
00069
00070
00080
00090
00110
00120
00130
00140
00150
00160
60170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
03320
03330
00340
00350
00360
00370
02380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
0490
00500
00510
00520
00530
00540
(0550
00560
00570
00580
00590
00600
00610

Exhibit 2
COMPUTER PROGRAM FOR NUMBER OF SYLLABLES

DEFINE (¢
(NVCL CLAMBOA (L) (PROG (U #)
(SETQ U L) (SETQ w O)
A CCOND CCNULL U) QRETURN W))
C(CAND (MEMBER (CAR U) YI)
(@R (NULL (COR U))
(NBT (MEMBER C(CADR UY VW)))) (SETQ ¥ CADDYT #))))
» (SETQ U (COR V)) (G A N

DEFINE ((
(SYCR CLAMBDA (L) CCOND
CCAND (GREATERP (NVCL L) 1) CAPSB L))
(grkgs gg;uos 1) (CORR2 L) (CORRI L) (CORRM L)))
CAPSB (LAMBDA (L) (PROG (V)
(SETQ U CREVERSE L))
8 (COND CCNULL U) (RETURN NILD)
CCNULL CCDR U) CRETURN NIL))
CCNULL CCODR U)) CRETURN NIL)Y)
A CCOND CCAND CEQ (CAR U CQUOTE E))
CNOT CEQUN CCADR U) Vi) (G2 C))
CCAND CBR CEQ (CAR U) CQUATE D))
EQ CCAR U) CQUBTE $)))
(EQ (CADR U) (QUBTE E))
CNOT (EQON (CADDOR U) VWD) (60 C)))
CRETURN NIL)
C CRETURN T) D))
§§SYL CLAMBOA (L) CPLUS CNVCL L) (SYCR L))))
DEFINE ((
CEQON CLAMSDA (L M) CCOND
(CNULL M) NIL)  CCEQUAL L C(CAR M)) T)
(T CEQeN L CCOR M))) )))
CLAST CLAMBOA (L) CCOND
(CRULL L NIL)
CCNULL CCOR L)) (CAR L))
(T CLAST (COR L))) )))
CH2YE CLAMBOA (L) (COND
))((NULL LY NILY CCNULL CCOR L) NSLY (T ) ) )
CSET CVW CAE 1 @Y Y
CEFINE C(
CCORRT (LAMBDA (L) C(PROG (L)
(SETQ U CREVERSE L))
A CCOND CCAND (EQ (CAR U) (QUATE €))
(T CEQON CCADR U Vi) (Gd €))
C((AND COR CEQ CCAR U) (QUaTE 0))
(£EQ CCAR V> <(QUBTE $))»)
CEQ CCADR U) CQUATE EN
(NOT CEQON (CADDR U) V¥))) (6@ C)))
(RETURN 0)
C CRETURN 1) )))
£CORR2 (LAMBOA (L) (PRBG (U X)
(SETQ U CREVERSE L)) (SETQ X CKCC L))
CCOND (CAND CEQ (CAR U) <QUETE E))
(R2ME X) (EQON CLAST X) (QUOTE (L RI))
(DT (EQBN CLSTW X) (QUBTE CCL L ) (R R)IND)
(RETURN 1))
CRETURN 0) 1)) S 172 -
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00620
00630
00640
00650
00660
00670
00680
00690
00700
00710
00720
00739
00740
00750
00760
00770
00780
00790
00800
00810
00820
00830
00840
00850
00860
00870
00880
00890
00900
00910
00920
00930
00540
90950
00960
00979
00989
00990
01300
91910
01320
01030
01040
01050
01060
01079
01080
01090
01100
01110
01120
01130
01140
01150

(NXLS CLAMBDA (L) ¢COND
CCNULL L) NTLY CCNULL CCOR L) ) NIL)
C(CNUCL (COOR L)) (CAR L))
(T CNXLS (COR L)) D
(CORRI CLAMBOA (L) CPROG (U % X)
(SETQ X (KCC L))
(SETQ U (REVERSE L)) (SETQ # 0)
(COND C(CAND CEQ (CAR U) (QUATE $))
(EQ CCADR U> (QUATE £))
(OR CANO CHZME X) CEQUN CLAST X) CQUATE ¢L R))))
CEQON (LAST X) (QURTE (C 6 § X 2)))
CAND (EQ CLAST X) (QUATE H))
(EQON (NXLS X) CQURTE (C $)))N
(SETQ W D
CRETURN #) )))
CCORRY4 CLAMBDA (L) C(PR@G (U X)
(SEIQ U (REVERSE L)) (SETQ Xx (KCC L)?
CCOND C(AND CEQ (CAR U) CQUATE 0))
(€Q (CADR U) (QUATE E))
(OR CEQON C(LAST X) (QUBTE ¢O 1))
CAND CEQON CLAST X (QUITE (L RI))
C(NOT (EQON (LSTH X) (QUATE ((L L) (R L) (S L)
CH LY (R R NN
CRETURN 12))
CRETURN 03 )))
CLSTW CLAMBDA (L) CLIST CNXLS LD CLAST L))))
(APS CLAMBOA (L) CPROG (U)
(SETQ U (REVERSE L))
(COND CCOR CAND CEQ (CAR U) (Quait t))
(NBT (EQON CCAUR UD VD))
CAND CEQ (CAOR U (QUOTE ED)
(@R CEQ (CAR U) CQUATE $))
(EQ (CAR U (QUATE 0)))
C(NOT CEQON CCADOR L) VD)D) (RETURN 1))
CRETURN NILY D))
(KCC (LAMBOA (L) CPREG (U #)
(SETQ U (REVERSE L)) (SETQ # NIL)
C1 CCOND (CNULL U (GB AS))
C(CEQ CCAR U) CQUATE £)) (6O AN
(60 C2)
2 CCOND C(CNULL (COR UD) (G A%))
(CAND (EQ (CADR U) CQUOTE €))
(2R (EQ (CAR U (QUaTt $))
(EQ (CAR U) (QUATE 0)))) €GO A2)))
(6O AS)
A1 (SETQ U CCOR U)) (GO A3)
A2 (SETQ U CCOOR UD) (30 A
A3 (COND CCNULL U) €GB AS))
CCEQON (CAR UD VW) (G2 AS)))
(SETQ W (CONS (CAR U) W))
(SETQ U (COR UD) <GB AI)
A5 CRETURN W) )))
»
$T8P))))) 1NN
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; Y NVCL-C(R E SP 2 ND
% : v uscL (GRESPONSIBILITY) :
% ’ g ‘ NECL (AR ED ;
; i Jn:ct.moulaauen
NSYL CCH UR L E O ;
N&Lucuuncue9> f
l NgYL (CFADESH
E N%YL (CRESPANSIBILITY)
E N§YL (CACCIDENTY :
, NSYL (B € R T H)) i
NéL«PECUNIARlLY» ‘
INSYL C(CP U2 2L EDY
,/Ngu. (CHULLED
N£VL (CTABLED ;

NSYL CCB L € DY) :
1

NSYL CCE 03)
1
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Exhibit 3

CONPUTER PROGRAM FOR RATIO OF NUMBER OF SYLLAMES TO NUMBER OF WORDS

QEFINE ((
CNSYLS (LAMBOA (L) (COND

NLL L) O

(P (PLUS CNSYL (CAR L)) (NSYLS CCOR L)))) )
(NJOS CLAMBDA (L) (LENGTH LY )
CRASYND CLAMBDA (L) C(QUOTIENT (TIMES 100 CNSYLS L))
’ (NNDS L)) )

CSET

(PSGICCTHE) CLISP) (LANGUAGE) 0 $)CMDE S
IGNED (PRIMARILY)(FORI(SYMNBOALIO
DATA (PRACESSING)

CSET

(PSGY CCI T) CHAS) (BEEN CWSED (F QRIS YUBALI O
(CALCULATIBNS CINMODIFFERENTIAL
(AND CONTEGRALWWALCULUS)CELEGCTR
CALCCIRCUID(THEBR (NATHENATICAL
(LOGICOUAND @THER (FIELDS) (D
ARTIFICIAWCUNTELLIGENCEN)

STOP)» MO

v EVAL CCN¥DS PSGI))
10

v EVAL C(NSYLS PSGI))
20

v EggL C((N4DS PSGA))
v E;;L CCNSYLS PSGM))

7 EVAL (CRASYHD P$SGI))
200

v EVAL C(CRASYWD PSGH))
226
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Exhibit 4
COMPUTER PROGRAM FOR FREQUENCY DISTRIBUTION OPERATIONS

BEF INE ((
COELETA CLAMBDA (X L) (PROG ¢ U V)
(SETQ U LY CSETQ V NIL)
A C COND CCNULL U) (RETURN V))
(CNULL CEQUAL X CCAR UD)) (SETQ ¥ (APPEND V CLIST (CAR U))))))
(SETQ U CCOR U)) <GB AD) ))
CFQDS CLAMBDA (L) ¢PROG (U V)
(SETQ U L) (SETQ V NIL)
A CCEND CCNULL U (RETURN WD) ,
CSETQ V (APPEND Vv (LIST CCAR ©) CCOUNT CCAR Uy U2)))
(SETQ U COELETA CCAR U U))
6o A> 1)

CCOUNT (LAMBDA (X L) (PROG (U V)
(SETQ U L) (SETQ V O
A CCOND CCNULL U) CRETURN ¥))
CCEQUAL CCAR U) X) (SETQ V (PLUS 1 VD)D)
CSETQ U CCOR UY) <GB A) D))

)

DEFLIST <«

(A1) (B2 CCI (DW) ES5) (FE)(GT CHB Cl S (J10) K ID
CL12) (M 13 (N 14 (@ 15) (P 16) (Q 17) (R 18) (§ 19) (T 200 CU 21

(V 22) (W 23) (X 24) (Y 25) (Z 26)
> RANK )

DEFINE (¢
CNUM CLANBOA (X) (GET X (QUBTE RANK))))

(SEQ CLAMBDA (L) (PRIG (U V &)
(SETQ U L) (SETQ V NIL) (SETQ ¥ 1
A CCOND C(CNULL U) (GO B8))
CCEQUAL (NUM (CAR U)) W) (SETQ V
CAPPEND V CLIST (CAR U) CCaDR W) D))
(SETQ U (CDOR U)) (GO A)
B CCOND ((EQUAL W 26) CRETURN V)))
(SETQ ¥ CADDY w2)
% (SETQ U L) 6B A )
CSET
(PSGS CTHELISPLANGUAGED

Vg n.numn&‘dum,ﬁww\

i amadaiiiaat s &




emrinspm iR

e o o T AT AR O N WD s

DEFINE (¢ ,
CSUMFD CLAMBOA (L M) CPROG (U ¥ W)
(SETQ U L) ¢SETQ V M) CSETQ # NILD
C CCOND CCNULL U) (GO A2))
CONULL VY €0 A3))
(CEQUAL CCAR U) (CAR V)) (GO A6))
C(SMLP CCAR U (CAR V) (G© AW))
CCSMLP (CAR V) (CAR UY) (GO AS))
(T CRETURN (QUOTE HELPY)) )
A2 (SETQ N CAPPEND N V)) CRETURN W)
A3 CSETQ & C(APPEND W U)) CRETURN W)
A6 (SETQ ¥ (APPEND W <LIST (CAR U) (PLUS (CADR W)
CCADR V) D) )
(SETQ U (CODR D) (SETQ V CCODR V)) (6@ )
A4 CSETQ # CAPPEND # (LIST (CAR U) (CADR U3)) )
(SETQ U (COOR U») (6a ©)
AS CSETQ A CAPPEND W CLIST CCAR V) (CADR V))) )
(SETQ V CCODR V) (6@ C) )M
(SMLP (LAMBOA (X Y) (COND
CCLESSP CNUM X) CNUM Y)) T) CT NIL)Y D)D)
»

CSET (PSG6

(rs
CSET (PSGT ¢S Y

DEs | ),
Mo ROCESSING)

STOPIIN N

v EVAL C((SEQ (FQDS PSGT)))

(A2B1C201TE1GYI2LINTINITIO2PIRITISIT
1Y D

v EVAL (CSUMFD (SEQ C(FQULS PSG6)) (SEQ (FQDS PSGSM)))

(A2O02E%F1TG6IHVTIJIL2NZ2PIPIRISITIU
1
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Exhibit 5

E ;' COMPUTER PROGRAM FOR DETERMINING PRESENCE OF SPECIFTED WORDS AND PHRASES

DEFINE ((
(0CR (LAMBDA (L P) (COND
» , ((AND (MEMBER (CAR L) P)
" (oR (NULL (CDR L))
3 ! (AND ( EQ (CADR L) (GETB (CAR L) P))
(OR (NULL (CDDR L))
(EQ (CADDR L) (GETB (CADR L) P)))))) T)

] (T NIL) )))

(GETB CLAMBDA (X L) (COND

g ((NULL L) NIL)

3 s ((BQ X (CAR L)) (CADR L))

(T (GETB X (CDR L))) )))

: (OCUR (LAMBDA (L P) (PROG (U W)

E : (SETQ U L) (SETQ W NIL)

4 A (COND ((NULL U) (RETURN W))

5 ((EQ W T) (RETURN T))

i ((OCR (CAR U) P) (SETQ W T)) )
i (SETQ U (CDR U)) (GO A) )))

g »n

¢ CSET ( :

: I5Y ((SUCH AS) (FOR INSTANCE) (FOR EXAMPLE) (SAY) (FOR AN EXAMPLE) ) )}

( hCRY (

PSGS (THE MATHEMATICAL ABILITIES OF THE COMPUTER ARE VERY
USEFUL TO DESIGN ENGINEERS THE WING DESIGN OF A SUPERSONIC
_ PLANE FOR EXAMPLE DEPENDS ON MANY FACTORS THE DESYGNER

] DESCRIBES EACH OF THESE FACTCRS MATHEMATYCALLY IN THE FORM OF
X AN EQUATION)F

CSET (

PSG9 (MANY FACTORS SUCH AS SPEED AND WEIGHT AFFECT

THE DESIGN OF PLANES))

CSET (

PSG10 (THE DESIGNER CAN USE PENCIL AND PAPER OR A HALF

HOUR VISTT TO THE COMPUTER ROOM))

GSET {

PS511 (THE DESIGNER CAN FOR AN EXAMPLE USE A DRAWING

ON GRAPH PAPER))

CSET (

PSG12 (THE DESIGNER FOR TINSTANCE COULD CHOOSE THE TYPE OF
COMPUTER TO ASSIST HIM))

TR

O

E—

R

/EVAL ((OCUR LS1 PSG9))
‘Ti

v VAL ((OCUR LS1 PSG8))
"T‘

JEVAL (COCUR LS1 PSG10))

J VAL ((OCUR LS1 PSG12))

v EVAL ((OCUR LSl PS$G11)})
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Chapter 11

A Short Summary of
Advice for Explaining

If you desire to produce good explanation, whet are the most important rules
that you should keep in mind?

Different people of course would answer this question in differant ways: but
here is what seems to me to be a reasonable answer,

1. Audience. Consider your audience all the time. These are the people who
you hope will understand what you want to tell them. They are looking at their
wrist watches and eager to go away. So you must interest them, and persuade them
to listen.

2. Subject Matter. Have sometliing worth saying, and sey it plainly. A lot

of changing and revising may be needed until finally you attain something worth
saying on a particular subject to a particulu:'audience.

3. Understanding. The purpose of an explanation is to produce understanding
in an sudience. If understanding is produced, the real world changes: the persons
in the audience become able to make new choices, to do new things, to act
differently. Whenever possible, judge and improve explanations by testing the
understanding produced in the audiences.

4. Common Properties and Relations. When explaining a new idea, report its

common pro; . .ies and relations, In tkis way, you answer the natural questions
that an audience will ask about a new term. And in this way your audience can

fasten new informstion on to old knowledge with a clear and reasonable association,
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5. Vocauulary. The words you use, their meanings and their overtones, are
crucially important. Always be aware of the meanings of words to your audience,
And make sure you give a definition (or some defining statements) using words they
understand, for every special term or difficuli term that you need to introduce.

6. Personal Attitude. The explainer's personal attitude towards his

audience has a big influerice on the understanding produced. The relation of the
explainer to his audience shkould be very close to friendship. For instance, when
Dr. Spock says in his book on chiid cure (see the bibliography): "If a child is
so carefully watched that he never has an accident, he is being fussed over toc
much; his bones mpy be saved, but his character will be ruined", you can feel the
bond of friendship and sympathy between Dr. Spock and his audience.

7. Stopping. It is not nzcessary to explain every last detail you can think
of: manv good explanations have been spoiled by saying too much. As soon as you

have said what is needed, stop.
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Appendix 1

Computer Program for

Vocabulary Classification
Using a DEC PDP-7 Computer

This appendix specifies a program which has been denoted EXPL 5, standing for
“"Explanation Program Edition 5", It is expressed in symbolic assembly language for
the PDP-7 Computer made by Digital Equipment Corporation, Maynard, Mass. The pro-
gram will sort the voczbulary of a piece of writing into the four explanation
classes (numbered 3, 4, 2, 1, and described above in Chapter 3 of this report),

Edition 3 of the program here given has been superseded slightly, by Edition 6,
but Edition 6 at present writing kas not bzen completely debugged, and so is not
given here.

Most of this appendix is written only for a limited audience: those persons
who want to thoroughly understand the program and who ave thoroughly familiar with
programming and with the PDP-7 computer, Most of this appendix is not written for
the much larger audience assumed tor the rest of this report,

The operating instructions for the bimary program (produced by assembling the
symbolic program here stated) are as follows:

{. Load DDT (DJEC Debugging Tape). Give the commands KILL$, ZEROS$,
2. Place the EXPL 5 binary program tape in the tape reader.
X, Give DUT ihe command DEBUG$. (The binary program tape will load
placing its symbols into DDT's symbol table).

4. Give DDT the command BEG' (which will start the program EXPL 5

at register BEG = 2744 octal, listening for commands).
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5. The osrogrammed computer is now waiting for text to be inserted and
summaxized. To insert text, type I (for "imsert"), then the text;
for example; IHERE IS SOME EXPLANATION TO BE SORTED.$$
At the finish of the text, press the key ALT MOD twice (this
actior prints "$")., The inserted text will be moved from the
Command Buffer to the Storage Buffer, and at the end the typewriter
will give a carriage return and line feed,

6., To verify that the text is contained in the computer, type P, ALT MOD,

ALT MOD; this action will show as:

P$$

Then the text will print:

[

HERE IS SOME WRITING TO BE SORTED.

For other commands, see Chapter 6 in which this program is further described.

The maximum lergth of text which will be accepted on any singic jusert command
is 1000 characters, or about 15 lines of 60 characters each, The pregram will %e
clobbered if more thaw 1000 charac-<rs are inserted at any one insert command.

The maximum total length of text which will be stored at ome time for analysis
inside the computer is 4000 characters,

Note: Since the CAL {subroutine call) instruction in the PDP-7 computer has fhe
machine language code 00, it is regularly omitted in the computer program. Hence,
the name of a subroutine by itself may be used as a macro calling that subroutine,
and when finished it automatically returns control to the routine whichcalled it,

Macros may also be constructed in other ways,
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Outline
Section Title
i The Computer Trogram for Vocabulary Classification, expressed in

Symbolic Assembly Language
The Subroutine Symbols in Alphabetic Order
The Subroutine Symbels in Numeric Order

Mnemonic Key to the Subroutine Symbols

R o W

Typewriter Characier Codes (ASCII)
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Section !

THE COMPUTER PHUGRAM

ZEXPL EDIT 45 8/25/66 ClAs
CAC= 6
Mz DAL CAC
LAC 20
184 P SEARs
DAC 1 P

RL»
Ki»

Ps
PDL»

PUSH=JM 5

PUP=JMS .

AND 17117

TAD (JUMP I=1?}

DAC .42

LAC CAC

Jup L. SE1,

CLAISKP

152 1 P

DAC CAG SED2,
L AM

TAD P

DAC P

Tab (UMP 1 1 SE 4
DAC «+2

LAC CAC

JMP 1 * - SE:}’

2
PDL.+ 190/

4 SEM 1+
ISz P

DAC I P
JMP [ PUSH=JMS

SF D

")

LAM
TAD P
bAC P

DAG 17 SNFDs
LAC I 17

JMP 1 POP=-UMS
PINCH,

FEED»
FEEDY,
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CmA
TAD (1)
Jup X

CIA

sMA

JMP X

DAC CNTR
LAC CPTR
DPAC CPTRS
tLAC PT
DAC SPT
LAC CPTRS
DAC CPTR
RCH

SAD <1719
JMP SFD
DAC TARG
500 €43y
JAP MATN
LAC (SAD TARG)
DAC SiEM |
LAC SPT
SAD &

JMP SYFD
ISZ SPT
GETN

XX

JMP SE2
152 PY
JUuP SEIL
LAC SFT
DAC PT
182 CNTR
J4p 3SE1
Jue X

DZM PT
ERR

LAY~ 144
FEED

LAW PPA
QUTX
LAM~S
FEED

LAW 14
PPA
LAav-3
DAC CNTR
LAW 377
FEED1Y
LAM- 500
DAC CNTR
CLA

PPAL

152 CNTR
JYP -2
JMP X

R i T

:
3
3
3
3

PN
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PR A,

PPAL,

SPT»
READ»

APPEND,

READI,

RPA,

RPA2,

RPAJ,

FAL .

MATN,

AT
MAT2,

MAT3,

AND (177
Or ¢(299)
PSA

PSF

JMP e
JP X+

9

0ZM PT
YAy B4

RSF

RSA

RPA

SAD (14
JMP X
DAC TARG
LAC 2

182 2
SETIN
LAC TARG
PUT

JYP RLAD1

LAW

DAC CNTR
RSF

JMP  RFAL
RRB! RSA
AND (17D
SZA

SAD (111
JMP RPA
JuP X

ISZ ONTR
JUP RPA2
BRi

LAW 14
JMP RPAJ

DZM MATHY
LAGC (JUMP MAT2)
JMpP SE3
A

TLETN
JMP MAT3
GLC

DAC MATI
JUP SE4
152 MATY
JMP SEA
J4P 322
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PROC,

RWD.

WRDE,

ORD,

ENT,

ENT1,

oL DZ 3,

LAC 2
SETIN

CLA

PUT

vZm OL.DZ
LAM=17T76+1
DAC CNTR
LAW HASHT-1
DAG 12

pzM 1 10
I5Z GNTR
JMP -2

LAC OLDZ
DAC IN

DEZM HASHAD
0ZM GHRCT
LAC OLDZ
SAD 2

JMP PROUT
15Z 0L0Z
GTLETN

JMP WRDE
ALSS S

ADD HASHAD
IDIVS X
171

DAC HASHAD
152 CHRGT
JMP R

LAC CHRCT
SNA

JMP RWD
57D (1)
JMP TTAG
LAC 0OLDZ
DAC OLDZS
ES

JMP ENT
152 T LAST
JMP ENTI

LAC IN

XOR (490003
DAC I LAST
1SZ LAST
VOCL

0AC I LAST
LAC OLDZS
DAC OLDZ

JMP RWOD

3

L et
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TS 10
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GTLETN,
RET‘Q’

YESLN,

TTAG»

NUMTAG,

TAGA»
TAGOK s

GETN

SAD (5%)
JMP YESLN
TAD (=49+1)
SPA

JHP X+

TAD (-12¢})>
SPA

JMP YESLN

TAD (=191+72+1)

SPa

JMP X+

TAD (-32¢1})
SPA

1SZ Lt p
JP X+t

LagG IN

GE TN

SAD Ci01
JMP ORD
SAD (111
JUP ORD
gaD <M
JHP QRD
TAD («~1009+1)
SPAYQLL
JMP NUMTAG
TAD (40)
ALS &

DAC TAG
LAC (T3
JP TAGA

TAD <49
ALSS 14
DAC TAG
LAW 102392
ANG I LAST
KOR TAG
XOR I LAST
DAC I LAST
J4P RWD
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C2wW,

C2WiN,
C2WL.»

Ccawl,

C2WLOW»

£S,

ESL,

ESF,

HASHT»
-9
HASHADS
INY.
TAG.
LAST,
LOW,
TARG,
HIGH,
Q.ASS,
FTF,

0AC 0oLDZ

LAC
DAC

N
IN)

LAC 0L DZ
1SZ OLDZ
GMLETN

Jup
DAC
LAC
| ¥4

C2wi
TAG
INL
IN)

GTLETN

JupP
CHA
TAD
TAD
SZAa
Jup
JMP
LAC
152

42

()
TAG

X
caw.
IN1
0\ ]

GTLETN

JP
cLC
P
LAC
P

LAC

RZ

X
LOW
C2WN

HASHAD

AL S5 1

ADD
DAL
LAC
SNA
JMp
caw
SNA
JuP
LAT
TAD
SAD
LAC
JMp
sz
JMP

(HASHT
LAST
1 LAST

X

£SF

LAST

2}
(HASHT+1776)
(HASHTY

ESL

LAST

X1

HASHT+1776/

-d

0SSO



PROUT,  LAW ATAB-) CHIGH, cew 5
DAC 10 SYA E
LAC 2 JMP PR3
DAC LOW JMP PR6

PRI, LAC Z i
SAD LOW PRA, 152 FTF E
JMP PRYA JMP PR7
LAC (5665a@) JMP PR
TYW PR, LAG LOW g
LAC NU SAD 2 :
OPT PR8 ;
TSP PR9,» LAC HIGH
LAC 2466100) PROAT 3
TYW CRLF &
LAC FQ LAC IN E
DPT JMP PR2 E

PR1A, DZM NU ;
DZM F@ :
LAC 1 10 E

JMP CRLF E

DAC CLASS -

LAC 2 3
PR2, DAC LOW ;

DAC FTF 3
LAW HASHT-) 3
DAC 11 E
PR3, LAC I 11 ‘
SAD (-@) .
JMP PR4 3
DAC TARG i
DAC OLDZ ;
LAC I 11 ;
LRSS 14 3
SAD QLASS 3
JMP PRS ;
JMP PR3 :

PRS» C2W.ow ,
SPALSNA L
JMP PR3 1
LAC TARG
1SZ FTF
JMP CHIGH

PR6s LAC TARG
DAC IN
LAC 11
DAC HIGH
JMP PR3

, ..
i lM«

N, )
FQ, "]
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PRDAT,

CRLF
CRLF
LAG (435441)
TYw
LAG (636300)
TYw

LAC CLASS
PRSIX
JHPR GRLF

ADD (=2)
DAC 12
LAC | 12
DAC TARG
GTLETY
JMP PROY
TYO

ISZ TARG
LAC TARG
JHP PRO2
TSP

LAav= 12
ADD TBC
SPA

JMP PRDY
LAG | t2
OAG TARG
AND (717>
TAD <))
L1Q

ADD F@Q
DAC FQ
152 WU
LACQ

DPT

TSP

LAC TARG
LRS 6
AND (7T
SZA

JMP PRSEX
JMP X

CLAI3KP
CLAlSKP
XOR (404000)
LMQ

TYWI

TYwl

LLS 1096
TAD (40)
SAD (190
MP X

JMP TYO

AND T
JMP TSPA

23




LAC (POL=1) LAC I Ccve@
DAG P Ral.

CiLF SPATRAL
LAC (CuUF) JMP 1 CDX
PAC N SPAICLA
OAGC CPTR LAC (UMP)

LAM= | XOR CDX
DAGC AL TF DAC CDX

Tyl LAC NuM
SAD (171 XX
JMP RUd DAC NUM
PUTL LAC ARG
SAD (1715 RAL,
JMPOALT LAC NuM
JMP L) 581,
LAC IN JMP CDY
SAD (Csum SAD (=)
JMP LS LA
ADD (37117 XX

DAC 1IN Je CD
GETAG LAC CPTR
TYO S5AD COMEND
JMP LI ERR

152 ALTH GETAC

JMP L2 LAC (490009
CRLF ADD CPTR

LAC IN DAC CPTR
DAC COMEND JMP X+1

CD» DZM NUM
DZM ARG LAC OP
PLUS, LAC (ADD sYL)? RTL
NEWO P, DAC QP LAM= |
DZM SYL SZLICLL
COR» RCH CMA
TAD (=37 JMP QPR
SPA CPTR,
JMP COD AL TF,
-1 QOMEND,
ARG
LIS NUM,
(LAGC DTB+100) SYL»
CDG 016G,

(-LAC-DTB~20+1)
Sy

ARG
conr
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GBUF »
PUT,

PUTL,

GETN,
GET,
GETA,
GETAC,

SETOUT»

MPTR,

SETIN,

PUTI»
INCIN,
INCI,
SETIND,

DECIN»

INy
OUT»

CUuF +19v9ds
LAG 1IN

SPA

JMP PUTH
LAC I 1IN
LRS 11
LAC CAC
LLS 11

DAC I IN
JMP X+
LAC I ¥
XOR CAC
AND (777009>
XOR CAC
DAC 1 IN
JP X+

SET3IUT
LAC OUT
DAC CAC
RAL

LAC 1 CAC
SNL

LRS 11
aND (7171
JHP X

MPTR

DAC OUT

JMP X

RCR

SZL

XOR (432000)
ADD (BUF)
JMP X

MPTR

JMP SETINI
PUT

LAC (486900
ADD IN

DAL IN

JMP X+

LAC (377717
JMP INCII

"

"]

Cil. ¥«
TYQ,

Y01,

TBC,
TTAB,

TCR»

TYI,

LAW 15
AND (1772
SAD ({717
JMP X+1
$AD (179
LAW 44
SAD (11D
JMFP TTAB
TSK

JMP o=}
LS 49
SAD <15
JMP TCR
SaDp (12)
JMP X+1
152 TBC
JMP X#4
)

LAC CAC
PUSH
LACY
PUSH

LAW 40
TYO

LAC TBC
IDIVS 1
5

SZA

JMP TTAB+4
POQ;*

LMQ

pop

JUP X
LAC (12)
0ZM T1BC
JMP TYO 1

KSF

IMP o=}
KRB

ANC (17T)
DAC CAC
JUP TYOQ
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MIN,

NIEW

IN S,

INS2,

INSI1,

TYPE,
QUTX,

TYPEL,

TYPE3,

TYPEM,

Lac MIj)
JMP NEWOP
cMA

ADD Sy,
CMA

Jme X

DZM CHRCT
LAC CPTR
DAC CPTRS
RCH

SAD (17%)
JMP INSt
I8Z CHRCT
JMP INS2
LAC CHRCT
SNA

JMP X

N ROOM
SETIN

LAC CPTRS
0ac ourt
LAC CHRCT
CMA

TAD (1)
DAC CNTR
JMP COPYF
LAW TYO
0ZM CNTR
AND (l-1)
DAC TYPEM
LAGC CNTR
SAD Z

JMP X

SAD PT
JMP TYPE2
MPTR
GETAC

TYO

1SZ CNTR
noF

$MP TYPE)
KR3

AND Q17D
SAD <(4@)
JMP BEG
JMP TYPE)
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TYPE2,

ADDZ,

NROOM,

Q. AM,

NROOM X,

NRQOOM D,

LAY 1 34-TYO
ADD TYPEM
SAD (134>
TY:3

LAC PT
JME TYPEQ
AbD Z

SAD (=)
LA

vAC Z

Jrip X

LAC ¢

DAC 0OLD?
LAG PT
DAC OLDPT
ADD CAC
SAD («p)
LA

DAC PT
LAC Z

CMA

TAD OLDPT
TAD (1)
SMA

JMP NROOMY
DAC CNTR
LAC CAC
SPA

JMP NROOMD
ADDZ

TAD CLAM
SETIN

L AM

TAD OL D2
SETOUT
corPYB

LAC OLDPT
JMp X

H DO

L3C JLuPY
SETOUT
LAC PT
SETIN

JMP COPYF
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RELE! 11

NROOMY»
coPrYs,
QO PYF,

QPYC,
NROOML »

FBEL,
Fel l»

Fal.2»

d. IN.

‘n..ll‘ll

LAC CAC
ADDL
JMP NRUOMX

LAG (371117

e CorPYC

LAGC (400000

PAC INCR
GET

PUT

LAC INCR
ADD IN
DAC 1IN
LAC INCR
ADD OUT
DAGC OUT
15Z CNTR
JMP NROOML
JMP X

LAC PT
DAC CNTR
SNA

JMP X
GETN

SAD (1)
JMP Fal2
LAY

TAD CNTR
JMP FuL 1

1532 CNTR
LAC CNTR
JMP A

L

Jup SETPT
FBL

LAaw TYO
JAP QUTX+1

(3.9 % 4

DEL 2»

REVER»
CHARS,
SETPT,

POK»

JUM P,

DPT,

DPTs

NPRN T,

ERR,
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SEAlCIA
JMP OEL 2
REVER
LAC DELI
CMA

JuapP DELE
TaD PT
TAD (1)
SPA

ERR

LAC DEL1
DAC CAC
JMP NROOM

cMA

ADD PT
5A0 (-2
CLA

DAC CAC
SPAL CMA
ERR

ADD £
SPA

SaD ¢~9)
JMP POK
ERR

LAC CAC
paC PT
JMP X
SNL

LA

Jap SETPT

SMA

JMP DPTI1
PUSH
LAW 55
TYS

POP

cva
IDIVS &
i2

PUSH
LACQ
SZA
oPT1H
PoP

TAD (69
JMP TYO

DPT
MP CRLF

LAW 17
TY0
JMP BEG
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VT,

GT,

LMRT,

VT8,
VIE,
LAT,
LMTE,

Q.UST

a. ™,
Q1A

a2z,

a =.
s,

at,

aTe,
A T3,
QALTa

0AC
LAW
DaC
LLAC
SAD
JYP
JMp
DaC
LAW
Jup

191
e
114
()

LAW
DAC
LAC
DAC
LAC
DAC
LAC

VIE
Vld- 1
10
cac

I 19

=2
LMTE
LMT- |
GT

195
115

Q. Te1
11

IN

oL bz
(Sza
a ™
oLDzZ

GTLET

JUP
vT

LAW
XOR
XX

JMP
152
JUP
LAW
NCTY)
Jp
CLS
LAC
XOR
DAC
JHpe
182

DAC

a3

VTE
19

Q2
oL DZ
CL1
CLT3
11

CL1IA

€1000)
L™

111

122
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B =
=
E = o2
:
2 :
3 VHCL » CL.ust
: LAW CL.T4
, SAD 11
: JMP VC}
4 ITS1» LAC (Q10000)
: NE Tt
] VC1, LAW ENDT=1 .
3 DAC 1} s
1 LAC CLT3 .
P DAC IN 4
] vee, LAG 1 1
s E SPA
: : JMP 1TS2
. H TAD (ENTT ENTT=BUF=BUF)
1 T caw
% SZA
9 . JMP VC2
: LAC &L T2 :
] CMA 7 ‘
: TAD QLT3
¢ SNA
2 JMP ITS1
: SAD (1)
3 JMP VC3
2 G4 LAM
: TAD QLT3 ;
3 GETN : ‘
LMRT .
: LAW LMTE ]
- SAD 10
3 JMP LTS}
; 1152, LAC (220009
; JMP X
: VC3, LAC QLT2
: GETN
1 DAC TARG
E LAC CLTE
1 TAD (1)
a3 GETN
g SAD TARG
3 JMP 1TSI1
JMP VGa
; BUF» BUF+ 4000/
1 ENTT, 105000
105123
: 915
d 104000
: REREES
197030
eNDT, ) 2 S 19 -2
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[G=J4P DIG

AL USe SAD PLYS

™

INa SAD MIN

BN 0, LAC £

L

P

A.OPT,
A

oL DZ,

CNTR»

CHRCT,

C
D

INCR»
DTH,

9

P

016
016

XCT

XCT

JMP
OTo+
STAR

DIG+4
2 G, LAC PT

LIG+s
T,

PTRS,
EL 1,

VOCSSCSSaTes

]
=
c
172}

9 0
PLUS
a

MIN
LOC

DIG bIG
Dla DiG
]

XCT NPRNT

XCT 16800 0

APPEND
CHARS
DELE

READ
PROC

INS

I JUMP

BN

TYPE

REVER
SEAR
TLIN
PINCH

END
1900/
T BEG

016G
DIG
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Section 2
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A ) iy
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I g

ADOZ
AT
ALTF
APPEND
ARG
ATAD
UeEG

[~ R
BuUF
cAac
Cuur
Cu
CigG
Cor
CoX
Coy
CHAXS
GHlGH
CHAUT
ClA
Qu AM
Q.ASS
i
Q™

CawL
C2WLYW
C2wN
C2wi
DECIN
DEL &
DEL |
DEL 2
DIG
orT
DPTY
bra

SYMDOLS IN ALFHABETIC ORDER

4316
2773
3066
261
JB79
2737
27 44
4423
4684
6
3195
JIvd
KE I
J4vs
33AS
3357
4447
2632
180793
160
4359
2545
4576
4556
45117
4699
A0}
45 42
4559
4562
4562
4572
4573
16677
3367
4341
43712
437)
3045
1873}
4160
4463
446
913
465
59S
A1 94
4439
197122
4437
6033173
4479
4417
19724

END
ENDT
ENT
ENTT
EVT1
EIQR
ES
ESF
ESL
i,
Fal )
FaL 2
FEED
FEED}
Fa
FIF
GET
GETA
GETAC
GETN
GT
GTLETV
HASHAD
HASHT
HIGH
N
INCIN
INCL
INCR
Ns
NS
INSe
Ny
ITS)
Irsz
JuMp
LAST
LIS

1
LIz
LMRT
M7
LMTE
Log
LOw
MATY
AT}
HSAT2
MAT3
1IN

A ]
MR TR
NEWO P
NPRNT
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19667
19662
A99)
14654
496
A512
518
534
529
44906
4497
4429
242
244
26931
2546
4125
126
4127
A2 4
4517
412
2336
534
2544
a4156
41590
4151
19742
4249
4259
4243
2537
4696
4641
4465
254)
2746
27152
2754
4524
4536
454)
19671
2542
314
37
329
325
544232
4234
4149
3903
4519
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1 PR Ay

WA At s ey

FEMNE
N0 D
Wetd 9L
NRJ I X
NRAIM Y
Wt
Ny
NUM TAG
ILDPT
Ji. D4
HULS
JP
Uity
Jre
Jip
ouT
OUTX
P

POl
PINCH
APLYS
POK
R
PPA
PPA)
PROAT
PRO1
PRD2
FROC
PROYT
PRSIX
PR
PIA
PR
PR3
PRa
PrRS
PRré
PR7
PRrR8
PRY
PT
PUSH
PUT
PUTI
PUTI
RCH
rREAD
READI
REVER
1PA
RPAY
RPA2
wWPAI

4323
4236
A373
4354
4346 4
2639
3011
452
1967 4
19676
4}
3434
3333
3¥Aal
3712
4157
4265
J4

45
225
43982
4462
10315}
259
252
2662
2474
2666
333
2547
27135
2553
2567
2576
2603

DAL

NS

2615
2422
2641
2651
2644
10673
100145
4195
41 47
116
3047
257
263
4446
215
33
217
302
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nyd
AW
nwt,

L,
sFar
SKG
SE41
SETIN
SETIN|
SETOUT
SETPRT
SEY
1]
SE3
SEa
SFD
SVFD
SPf
Sri.
IAG
TAGA
TAGIK
TanG
T8¢
TCw

“ILEWN

nIN
TSP
TSPA
TTAY
TTAS
Trl
YO
TYa1
TYrE
TYPEM
TYPE}
IYPE2
IYPE3
Trw
TYwi
73S
Vet
vGg
vC3
vCa
VO QL
vt
vig
VTE
WAXRDE
X

X1
YESLN
¥ A

2163
344
359
32
163
157
312
4145
4158
4135
4450
171
175
2da
LR
216
223
258
2472
2540
4096
457
2540
4201
4221
413
4425
21722
2724
42902
432
4224
4161
41179
4264
A2
a21e
4310
4215
2725
2739
2723
4610
a6l 4
4643
4632
4692
4515
45237
453%
365
34
33
430
13675

s
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3
>
A
¢

2
k
'L:;
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{

3
r

:

]
3
3
3

;
E
5
B
:
4
E
3
E
3
k.
L

AL E FLLELASE S e

[T

Cng
1174

X1

X

P

P
ClA
et
SK1
SE2
SE4
SEa
SEMq |
SED
SNFD
PINGH
FEED
FEEDLY
PPA
PPAY
T
READ
APPEND
READY
rPA
RPA2
RPAQJ
RPA1
MATN
AT
MAT2
AT
PROC
WO
Rwl.
Wit §
JRD
ENT
ENTY
A DS
GILE TN
ILETN
YESLWN
TTAG
NUMTAG
FAGA
TAGIK
C2w
C2wWN
C2wWL
c2awt
Cam.ow

242
244
250
258
2354
257
gt
263
275
2717
Jae
RI'N ¢
314
37
Y
325
330
344
359
365
Jre
490
4346
411
42
413
433
432
452
456
457
463
465
466
54%
513

Section 3

SYMDOLS IN AUMERIC ORDER
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£s
ESL
ESF
HASHT
HASHAD
v
TAG
LAST
Low
TARG
H1 GH
Q.AS8S
FTF
FROUT
Prl
PRIA
PRE
PRI
ERrRS
PRS
NU

Fq
CHIGH
PR4
PR7
PRrR9
PRE
BRUAT
?R02
PROI
rge
r3s
TSPA
YW
Ywi
PRSI X
ATAD
HEG
LIS
LI
Lie
rUB
AL T
cD
YEwo P
cor
CuG
AP
814
JP2
COX
RCH
CY
CPIR

315

529

$34

536

2%36
2537
2549
a%a1
2542
2343
2544
2543%
2544
2547
2553
25617
a578
26433
2615
2683
2630
2631
26232
2634
2641
2444
2651
2662
2664
2674

AN
LG

272)
2724
2125
2739
3735
2737
2744
2746
27152
2754
2763
27173
3000
IM3
3995
3916
3432
3434
3daj
3445
3047
3047
3065

LSl = .2
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QYEND

ARG
H N
! SYL
CBUYF
PyT
PyTYH
GETN
U
GETA
GETAL
SErQuUt
MR e
SETIN
PUTl
INGEn
NG 8
SETINI
DECIN
In
our
CRLF
TYO
TYd !
TG
Tran
ToR
Tl
Ml
INg
IN32
Ing)
IYPE
QUTX
TYPE}
TWPED
YPEY
TYPgEa
V1 74
NI
(LA\“
NROOY X
NiNC 1D
NROOMY
CPrY
QPyYF
QPYC
NAJUAL
Frl,
FoL
Fa, 2
I
LIN
OELE
VEL 2

BLHICRER

Uh o o1 TI e

WS 1 O T s

LT YA
a7t
3874
Jety
a2
3195
4185
al1é
4:23
4128
113

4127
4135
4142
41 4%
4141
A) 50
4151
4152
4154
4154
4157
A160
4161
4110
4291
A292
1221
4B24
4233
4240
4243
4259
4264
4245
279
a27s
4217
4310
4318
4323
K354
4354
4356
A364
4367
4371
A372
ERY
4406
4407
A420
4423
4425
4439
4437
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LY RYI T
CHARS
SETPT
K
Jume
ot
vATY
WPRRAWNT
Ex’r
Vi

ar
LMRT
via
vTE
LT
LMTE
Q.usT
Qi
Ty
1A
Q.2
a.}
s
Qr
a.le
ary
.74
W CL
1TSy
vCi
vGca
via
1782
vea
gur
ENTT
ENDT
END
LOG
PT

L OPT

.02
WNTR
CHRCT
CRTRS
DEL}
| T2}
LTO
PyUSH
PR
m,usS
“inN
134t

2444
4447
4499
A4HR
44465
4478
/A7
4519
4312
4515
A317
4924
AR2%
A535
4536
asa)
4342
4550
4356
4569
A368
A572
4573
45768
4577
4609
4801
469 a3
46046
4510
461 4
A63G
A64)
A543
AdSa
19654
19662
104647
12471
10473
14674
18675
10676
1677
10740
137014
197132
19799
10704
1991 45
143151
543002
544232
63301723
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gy

ADDZ
ALT
ALTF
APPEND
ARG
ATAB
REG
BLIN
BUF
CAC
CBUK
Co
CoG
CDR
CDX
CchY
CHARS
cuicl
CHRCT
CIA
CLAM
CLASS
CLT
CLTM
CLT?2
CLT3
CLT4
CLUST
CL1
cLiA
CL2
CL3
CLS
CNTR
COMEND
coPYB
COPYC
COPYF
CPTR
CPTRS
CRLF
C2W
C2WL
C2WLOW
C2WN
C2W1
DECIN
DELE
DEL1
DEL?2
DIG

Section 4

ANEMONIC KEY

flush minus zevroes

alternate mode

flag for 2 alternate modes in succession
append to buffer

argnment

& table with 3, 4, 2, 1 in it
beginning

beginning of lire

buffer

contents of - .mulator (AC)
command buffer
command dispatch
get command and dispatch it
read another character of command
execute call to routine
", variation
advance ... characters
compare with high
character count
complement and increment the AC
constant LAM (joad accumulator with minus)
class 3, 4, 2, 1
cluster table
cluster, terminate
cluster table, variation
"

clustering routine
", variation

counter

command end

copy back

copy common

copy forward

command pointer

command pointer, saved

carriage return, line feed

compare iwo words

compare 2 words loop

compare 2 words, low test

compare two words, variation
”

decrement 1IN
delete
" ., variation

"

digit
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DePT convert binary to decimal, and print it
DPT1 ", variation
DTB dispatch table
END end of buffer
ENDT apding table (table of pointers)
ENT ending table, varistion
ENTT table containing actual E, ES, ED, ING endings
ENT1 enaing table, variation
ERR error (will type a question mark and go back to listen)
{ ES evaiuate symbol
] ESF ", find
ESL ", loop
: FBL find beginning of line
i FBL1 ", variation
4 FBL2 "
E FEED feed
E FEED1 " , variation
i FQ frequency
% FTF first time flag
: GET get AC out from buffer
§ GETA " , variation
E GETAC "
, GETN get nth character fram buffer
¥ GT general test (works oaly for letters)
GTLETN get a char and test for letter or number
HASHAD hash address
HASHT hash table
HIGH high
IN pointer to beginning of word
INCIN increment IN
INCII ", variation
INCR increment of moving
INS jusert
INS1 ", variation
INS2 "
IN] IN pointer, variation
ITS1 resuly is ...
ITS2 " , variation
Jump jump forward or backward by character
LAST pointer of last word which is tagged
LIS listen
LI} * , variation
LI2 "
LMRT L, M, R test
LNMT L. M, R table
LMTE end of L, M, R table
LOC iocation for execute command
LOW low
MATN match N next word
MAT1 ", variation
MAT2 "
MAT3 "
MIN minus
1 Mil minus, variation
MPTR make pointer
NEWOP new operation
NPRNT print a number
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: ) NROOM make N characlevs of voon in buffer
’ NROOMD delete N charccters from buffer
; ‘ NROOML loop for making room
NROOMX exit from subroutine NROOM
NROOMY NROOM subroutine, varviation
NU number
NUM number .
i NUM TAG number tag !
s OLDPT old pointer !
OLDZ old wumber of characiers in buffer; also, pointer to end of word while
! . figuring out word
| oLDZS ", saved
F t op operation, plus or minus
z oP1 ", veciation
: oP2 "
. ORD ordinary word, not one character or if one character, net A, I, or O
5 : ouT OUT subroutine
OUTX "® , exit
P pointer to push-down-list
PDL push-~down-1list
PINCH punch
PLUS plus
POK pointer OK i
g rop pop push-down-list
: PPA punch paper tape., alphanumeric
1 PPAl * , variation i
: PRDAT print data ;
PRDI ", variation
PRD2 " j
E PROC processing :
- PROUT print out :
£ PRSIX print six bit code, the code less 4 H
PR1 print, variation !
: PR1A " ’
PR2 "
PR3 .
PR4 "
E PRS " ;
PR6 . ;
PR7 "
: PRO "
PR9 " i
' PT current peinter to buffer
PUSH push push-down-list
PUT stores character in left half of machine word if IN is positive
PUTI stores ckarzcter in right half of machine word if IN is negative
PUT1 put, and increment IN to the next position
RCH read character
READ read
READ! " , variation
REVER reverse, meve pointer back N characters :
RPA read punch, alphanumeric i
RPA1 " . variation )
RPA2 "
RPA3 "
RUB rubout
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SEAR
SEG
SEM1
SETIN
SETIN]
SETOLT
SETPT
SE1
SE2
SE3
SE4
SFD
SNFD
SPT
SYL
TAG
TAGA
TAGOK
TARG
8C
TCR
TLEIN
TLIN
TSP
TSPA
TTAB
TTAG
TYI
TYO
TYO)
TYPE
TYPEM
TYPE]
TYPE?
TYPE3
TYW
TYWI
T3S
VCl
VC2
VCa
vC4q

VOCL

vid
VTE
WRDE

X1
YESLN

read word
read word, leop
?
search
?
modified location during search for # feature
sets a register called IN to point to Nth character in buffer
" , variation
sets 38 register named QUT to point to Nth character in buffer
set pointer
", variation

search, found

search, not found

saved pointer

SYMBOL (refers to current number typed in commznd buffer)

register that holds tho tag (3, 4, 2, 1, ...)
" , variation

tag OK

temporary argument

tab counter

type a carriage return

test letter N

type from beginning of line

type o space
", variatioa

type a tab

test tag

type in

type out
" , variation

type

type modified location (typing or punching)
" , variation

type word
", variation

type 3 spaces
vocabulary class
vocabulary class
vocabulary class
vocabulary class
vocabulary class
vowel table
vowel table, variation
vowal table end
word end
exit

* , variation
yes, a letter or a number
number of characters in buffer

o L2 0D
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Following are the

Section 5

TYPEWRITER CODES

seven-bit ootal codes for the typewriter symbols in the program.

These are according to the system cailed ASCII (American Standard Code for Information

Interchange).

(space) 4¢
41
42
43
44
45
46
47

—

91
52
53
54
55
56
57
o

e B IR W

61
62
63
64
65
66
67
[}
71
72
73
74
75

O O D L0 s W

VNV BA-
~3
=3

[

fél-.:/ﬁ.\lﬂ!xI<C~3M50'UQZZI‘IQH=G"HCHOO@>'&
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19

192
143
194
165
166
107
11¢
111
112
113
114
115
116
117
12¢
121
122
123
124
125
126
127

131
132
133
134
135

137

7
11
12
15
175
177
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Appendix 2

n

ox A Wl (12

Eight Sample Explanations

0] b deban s K0

and Their Assessment

Outline

1. Resistant Sporangia R. W. Emerson and b
C. M. Wilson i
2. Problems Suitable for Mechanical D. R. Hartree %
Integration 3
%
3. Nautical Terms "The Bluejackets' Manual”, United g
States Naval Inst, E
: 3
4. Sampling Prineiples W. G. Cochran, F. Mosteller, and %
J. W, Tukey g
5. Sampling Principles -- Revision E., C. Berkeley g
6. Screening out Potential Troublemakers "Pringiples and Problems of Naval 3
Leadership", by Buraau of Naval |

Personnel
4
7. Screening out Potential Troublemakers E. C. Berkeley 1
-~ Revision %
8. Communication is Subtle The New Yorker %
]
4

This appendix shows how the computer program described in Appendix 1 operates on

2 number of different sample explanations, to give the inventory and frequency of their

vocabularies in each of:

Class 3. the Special Vocabulary;

S NOE R PPN

Class 4, the Allusjon Vocabulary:

Class 2, the Key Vocabulary;

a
4

Class 1, the One-Syllable Vocabulary,

e eta ke AL
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For each sample explanation, there is stated:
~ the explanation as writien in ordinary fashion:

~ the explanation as it is put Into the computer program (after all

corrections and emendations);

; =~ the number and frequency of the voocabulary in each of the four

5 § explanation classes, as it is output by the computer program.

. ]

% % 1. Resistant Sporangia

3 : The following 1is part of the third paragraph, from "The Significance

3 of Melosis in Allomyces™ by Ralph W. Emerson and Charles M, Wilson

1 in Science, Vol, 110, July 22, 1949, pp. 86-88,

% Resistant sporangia formed by sporophytic thalli grown on slants of yeast-starch
3

agar ordinavily become capable ¢f germination three to six weeks after their formation.

A O b 1

At this time each sporangium cortains about a dozen expanded, diploid nuclei in an

advanced prophase stage. These sporangia are fully meture and, if air dried, they will

DTN

remain viable and their nuclei will remain in prophase without any further detectable

oy

change for periods up to at least ten years. When mature resistant sporangia ave

Bre L)

taken directly from moist agar cultures and placed in water at 20% 1o 25° ¢., they form

and release spores in 100 to 130 minutes.

Ity E]

During this short interval the two meietic
nuclear divisions occur, and are immediately followed by cleavage of the cytoplasm and

organization of the zoospores. Each of these zoospores is haploid and normally

uninucleste,

RO FPU W

e
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RESISTANT 3 SPORAAMWNGIA 3 FIED JY SPIRIPHAYIIC 3
THALL L 3 GRIWN U SLANVTS 3 JF YEAST=SIARCH 3 Augad 3
IRUVINARILY BECOME CAFABLE OF GERMIVATION 3 THREE M
SIX WEEKS AFTER THEIR FIRAATION: AT THiIS> FIME EacH
SPIRANGIUA 3 CONTALNS AIIJT A DILEN EAPANVES 3 OIPLIIL 3
NUCLEI 3 IN AV AOVANCED PRIPAASE 3 SIAGE. TAEsSE SiPdANGIA
ARE F ALY MATURE ANU» LF AIR-DRLEVs wWILL RE44]V
VIAULE AVD THEIR NUCLED wiLk ®E94ALIN IV PROPAASE Wl THOUT ANy rdrlne s
DETECTAULE CHANGE FOR PERIQDS uP? TJ AT LEAST TN YEARS.
WHEN MATURE RESISTANT SPORANGLA Axe TAKEN OIxeCiLY FaRId
MIIST AvAR CUILTURES 3 AND PLACED IN WATER AF 29 OEGREES 1D
25 DEGREES CENTIGRADE 3, THEY FORM AlD RELEASE SPIRED 3 IV
199 TO 138 4INUTES, DURING 2N\ THIS SHORT INTExvaAL THE Twd
MEIOTIGC 3 NUCLEAR 3 VLIVISIONS 3 JCCURs AND ARE [MMEVIATELY rILLIacu
Y CLEAVAGE 3 OF THE CYTOPLASY 3 AND IRGANIZATIIVN JIF Trg LJosPixeo 3.
EACH JOF THESE IOJUSPURES LS HAPLILID 3 AL MURIALLY
WINUCLEATE 3.
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2 . aass 2 LASS 1
¢ a0 ABUT 129 \
CEN TIGRADE ) NS, by’ :
WEAVAGE | AlR=ORIED 25 1 :
: CR TURES ) any 1 A \
: CY LIPLASY | BEL i X " |
BIPLYTD ! CAPn AE i AND 7
VIVISIONG | QWTAINS 1 ARE 3
EXPAvDRD DEGREES 2 Ay 3
fﬁ:;f:',::}”‘“l' DETECTARE ) oY 2 1
Lt ny e DIRECTLY 1 CHANGE ] )
: aglarie WL oN \ EAGH 2 :
A DURING i FOR ! i
i PoPHASE 3 FOLLOWED | FO R4 i !
: ESIStANT B FORMATION | FrOM !
'&:”s : ‘ FURMED i GRI WY 1
: SPORANGIA 3 FULLY : If ! ;
S aAealUd 1 FUTHER ) N A
- NTERVAL | !
T anIHYTIC | MATURE 2 MOIST 1 i
HIVICLEATE 1 ALNJTES ! oF 3 g
AL - SIARGH 1 NORMALLY L N 1
433 bmnes' > JUCUR | FLAGED 1
v 24 F9 31 IRVINARILY SHIRT | |
: JRGANIZATION | SIX ! !
: PERISDS : STAGE ? :
3 REL BASE 1 TEN 1
’ REMALN 2 THE 3
TAK £ 1 THE IR 2
VIABLE ' THESE 2
4 waTer ) THEY 1
: WL FHO JT \ fHLS 2
3 NU 33 Fu 36 THREE 1
3 TIME \
: n 4
: W) 1
: upP 1
: WEEK S \ i
j— : WHEN 1
_f Wikl 2
f YEARS |
: NJ 42 Fa 79
g
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2. Problems Suitable for Mschsnionl Integration

The following 18 an excerpt from Chapter 2 of “"Culculuting Instruments
ond Machines™ by Douglas R. Hartree, published by The University
of Illinols Press, Urbona, 1i1., 1949

Defore oonsidering the differential analyser, it will be well to examine the
general nature of the situation with which it deals, ond what are the characteristic
features of problems giving rise to this situation.

In meny applications of muthematics to problems of pure and applied science,
thare occurs the idea of a rate of ohange, usually with

respect to time or to space,

of one or morc of the relevant quentities, and then the idea of integration is in-

volved in the prooess of finding the tetal change in a time or space interval from
the rate of change, which will usually be varying through the interval., In contexts

of this nature there are two different kinds of situation which may orise, of which

simple examples are provided by the responses of two differvent circuits to an applied

voltage, vorying in a known way with time (fig. 2).

i L i L R
Y o A 8 ar r+41177?h_avwhwvw~]
e e 4 ¢ E -~
L 4= E) L3 « Ri=E (1)
t dt
»‘: \
1 \ _ 1
b =¢ ‘5 E (L) qdt i=¢ “’ {E () - Ri) dt
Fig. 2a Fig. 2b

If the voltage is applied to a circuit with inductance but with negligible re-
sistance (as in fig. 2a), the time rate of change of current st any moment depends

only on the value of the voltage at that moment, which is given ond is independent

of the value the current itself happens 1o have. Then we are concerned simply with

the evaluation of an integvel whose integrand is » known function of the independent

variable.
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But it veery often happens that the rate of change of a quantity at ony moment
(or point) depends on the magnitude of thot quantity Jteelf at that mement (or point),
For oxample, if the voltiage is applied to a oiroul. with inductanse and resistance
(as in fig. 2b), the rate of ohsvge of current depends on the instontancous value of
tho curvent jtself, as well as on the voltaye, The formul expression of such n
situation is what is oalled in mathemotics o differential equution, and the determ-
inatjon of the current at any time involves the solution of this differentinl equation,
This solution oan bhe regarded as the result of evaluating an integral in which the
fntegrand at any time depends in a definite way on the result of the lategration wp
t0 that time, For example in the olrouit illustrated in fig., 2b, the equotion for

the current can be written

{= [ECtY ~ R1] dt,

1
L
and in the integral here, the suvrrent | to be found occurs in one centribution to
the integrand,

This aspect of a differential equation is not prominent In the conventional
formal trestment of $uch egquatlons, but it expresses rather closely the way in which
it is often best to oconsider their mechanical solution. Indeed, from the point of
view of mechanical integration, it is just this featuve which distinguishes the
evaluation of a solution of g diffeventiol equation from the evaluation of a simple
integral of a known function of the independent variable, Thus the essential points
in a mechanicsl instrument for integrating differential equations are an integrating
mechanism and mesns of furnishing to that mechenism as integrand a quantity depending

in & definite way on the value of the integral c¢aloulated by it.
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DEFORE CINSIDERING Tde OIFFERENTIAL-AALYSE? & LT
Wil JE WELL TO EXAMINE THE GENERAL NATURE 91 FHe SETJATII0oN
WITH WAICH LT DEALS, AND WHAT ArE THE CAARACTERISTIC FEATUAE
IF PROLEAS GIVING RISE TO THIS SITUATION.

IN MANY APPLICATIONS OF ANATHESATICS TO PROSLEMS J»
PURE AND APPLIED SCIENCE:, THERE OCGURS THE LOEA OF & SATE~Ir=-Cdaidi:d
B USUALLY WITH RESPECT TO TIME Q) TQ SPACE, OF Jun
OR MORE IF THE RELEVANT QUANTITIES » ad) THE 10E€a OF INTEGR«T+). 3
15 TYVWLVED IN THE PARAOCESS OF FINDLAIG Ine TITAL GHANGE Iw
QO TI4e )} SPACE INTERVAL F.M THE RATE OF Urasg » w1l 5 Wit USYUsLLY
BE VARYING THROUGH THE 14Tdnrvale kN QUNTEATS JF Tlo aTune
THERE Ady TWwo DIFFERENT KIV03S D SITUATIOY WHIUH MAY AR] SE,
OF WHIGCH SIMPLE EXAMPLES ARE PROVIOED BY THE RESPONZES IF TWD
DIFFERENT CIRCUITS 3 TO AN APPLIED-VOLTAGE 3, VARYING 3 iV A SNDw
WAY WITH TINE <FIGURE Twd).

IF THE VOL TAGE IS APPLIED TO A CILCUIT 3 WiTH INDUGTANGE 3
BUT WITH NEAR.IGIGLE RESISTANCE 1 (AS IN FIGURE 2A)s THE
TIME= RATE~QOF=CHANGE 3 OF CURRENT 3 AT AaNY MOAENT DEPENDS ONLY ON
THE VALUE 3 OF THE VOLTAGE 3 AT TAAT MOMENT, WHICH 15 GIVEN
MND 1S5 INDEPENDENT 3 OF THE VALUE THE CLRARENT ITSELF HAPPENS
T HAVEs THEN WE ARE CONCERNED SIMP.Y WITH THE
AVAL UATION OF AN INTEGRAL 3 WHOSE INTEGRAND 3 IS A KNOWN FUNCTION 3

OF THE INDEPENDENT~VAJLIASLE 3.

BUT IT VERY OFTEN HAPPENS THAT THE RATE-OF-CHANGE OF A
QUANTLITY AT ANY MOMENT (O POINT) DEPENLRS ON THE
MAGNITUDE OF THAT QUANTITY ITSELF AT THAT MOMENT (OR POINTY.
FOR EXAMPLE, IF THE VOLTAGE 3 1S APPLIED 3 TO A CIRGUIT 3
WITH INDUCTANGE 3 AND RESISTANCE 3 (AS IN FIGURE 23): THE
RATE OF CHANGE OF CURRENT 3 DEPENDS ON JHE INSTAN FANEQUS VAL UE
OF Tilk CURRENT ITSELF, AS WELL AS ON THE VOL TAGE.
THE FORMAL EXPRESSION OF SUCH A SITUATION 1S WHAT 1S CALLEDLD IN
MATHEMATICS A “DIFFERENTIAL-EQUATION 3", AND THE
DETESAINATION OF THE CURKENT AT ANY TIME INVOLVES3 THE
DL UTION OF FHES ™ DIFFERENTIAL=EQUATION". THIS S0LUTION
CAN BE REGARDED A5 THE RESULT OF EVALUATING AN INTEGRAL 3
IN WHICH THE INTEGRAND 3 AT ANY TIME DEPENDS IN A DEFINITE WAY
ON THE RESWILT OF THE INTEGRATION 3 UP TO THAT TIME, FOR EXAMPLE,
INOTHE CIRCULT 3 ILLUSTRATED 1IN FIGUIE 24, THE EgUATIGN 3
FOR THE CURRENT CAN OE WRITTEN sevee AND IN THE INTEGRAL 3
HEREs THE CURKRENT =1~ 4 TO dE FOUND OCCURS I[N ONE CONTRIGSUTION
TO THE INTEGRAND.

THIS ASPECT OF A DIFFERENTIAL-EQUATION IS NOT
PROMINENT IN THE GONVENTIONAL FORMAL TREATMENT OF SUCH EQUATIONSG 3,
BUT IT EXPRESSES HATHER Q.OSELY THE WAY 1IN WICH 1T 1S OFTEN

SEST 10 CONSIDER THHEIR MECHANICAL SOLUTION. INDEED, FROM THE POINT

OF VIEW OF MECHANICAL= INTEGRATION 3, IT IS JUST THlS FEATURE
WHECH DISTINGUISHES THE EVALUATION OF A 3LUTION OF A
DIFFERENTIAL» EQUATION FROM THE EVALUATION OF A SIMPLE INTEGRAL Q
OF A KNOWN FUNCTION 3 OF THE IVOEPENDENT-VARIABLE 3. THUS

THE ESSENTIAL POINTS IN A @ECHANICAL INSTRUMEMT

MR INTRGRATING 3 DIFFERENTIAL~EQUATIONS d ARE AN
INTEGRATING-MECHANLSY 3 AND MEANS OF FURNISHING TO THAT MECHAN] &4
AS INTEGRAND 3 A QUANTITY DEPENDING IN A DEFINITE WAY ON THE

vaL Uu€ 3 OF THE INTEGRAL 3 CALCULATED 8Y IT.
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3. Nsutical Terms
The following consists of the first six paragraphs of Chapter 12, "Facts about
Ships", pp 210-211, in "The Bluejackets' Manual", 17th Edition, revised by J. V.
Noel and W, J, Miller, published by the United States Naval Institute,

Annapolis, Md., third printing, August 1965, 664 pp.

A man does not get on a ship; he goes aboard. The front of a ship is the bow,
the rear end is the stern. When a man stands at the center of the ship and faces
the bow, he faces foyward:; if he turns around, he faces aft. Facing forward, the
right side of the ship is the starboard side; the left side is the port side. An

imaginary line from bow to stern is the centerline; it runs fore and aft. The length

of this line is the length of the ship. The greatest width of the ship is the beam.

An object directly off the side of the ship is abeam. An object or line rumning
directly across the ship, like a passageway or deck beam, is athwartships. A man
standing at the center of the ship is amidships. When he faces either side, he faces out-
board, His shipmate at the rail who looks back at him is facing inbeard. An object
over his head is above: an object underneath him is below.

The floors of a ship are decks; the walls are bulkheads; stalrs are ladders. There
are no halls or corridors in a ship, only passageways. There is no ceiling in a room
aboard ship, only the overhead of the compartment. Openings in the outside of the
ship are ports, not windows. Openings through bulkheads, for entering or leaving com-

partments, are called doors; openings in a deck for passing from one ievel to another

are hatches.

In rough weather, sajlors do not shut the windows and lock the doors: they close

-

the ports and dog the hatches, A picture is never nailed to the wall: it is secured to

the bulkhead. Sailors don't mop the floor: they swab the deck. The smoke from the

ship's (ire rooms comes out ef a stack, not a chimney.




H
H
A sallor doesn’t get out of bed in the morning and go to work: he hits the deck and E
tuyns to. Even if it is part of his job, he will never be requested to run downstairs to

s,

the kitchen and turn on the stove; he may get an order to lay below on the double and

light off the galley range.

The words defined above are used when applicable in Naval aircraft as well as

afloat in ships and boats.
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A MAN DOES NOT GET ON A SHIP3 HE GOES~ABOARD 3. THE
FRONT OF THE SHIP 1S THE BOW 3, THE REAR END IS THE STERN 3.
WHEN & MAN STANDS AT THE CENTER OF THE SHIP AND #ACES THE
BOW, HE FACES FORWARD 33 IF HE TURNS AROUND, HE FACES AFT 3.
FACING FORWARD, THE RIGHT SIDE OF THE \SHIP IS THE STARB0ARD 3

SIDE3; THE LEFT SIDE IS THE PORT 3 SIDE. AN IMAGINARY L INE FRO®

BOW TO STERN IS THE CENTERLINE 33 IT RUNS FORE-AND-AFT 3.
THE GREATEST WIDTH OF THE SHIP IS THE BEAM 3.

AN OBJECT DIRECTLY OFF THE SIDE OF THE SHIP IS ABEAM 3.
AV OUBJECT OR LINE RUNNING DIRECTLY ACROSS THE SHIP, LIKE
A PASSAGEWAY Or DECK BEAM, IS ATHWARTSHIPS 3. A AN
STANDING AT THE CENTER OF THE SHIP IS AMIDSAIPS 3. WHEN dE
FACES EITHER \SIDE, HE FACES QUTBOARD 3. HIS SHIPYMATE AT
THE RAIL WHO LOOKS BACK AT HIM IS FACING INBOARD 3. AN
OBJECT OVER HIS HEAD IS ABOVE 33 AN OBJECT UNDERNEATH
HIM 1S BELOW 3.

THE FLOORS OF A SHIP ARE DECKS 35 THE WALLS ARE
BULKHEADS 33 STAIRS ARE LADDERS 3. THERE ARE NO HALLS
OR CORRIDORS IN A SHIP, ONLY PASSAGEWAYS 3. THERE IS NO
CEILING 2 IN A ROOM ABOARD 3 SHIP, ONLY THE QOVERAEAD 3 OF TrE
COMPAURTIENT 3¢« OPENINGS IN THE SIDE OF THEC SHIP ARE PORTS 3»
NOT WINDOWS. OPENINGS THROUGH BULKHEADS, FOR ENTERING
OR LEAVING COMPARTMENTS 3, ARE CALLED DOJRS 33 OPENINGS IN
A DECK,FOR PASSING FROM ONE LEVEL TO ANOTHER ARE HATCHES 3.
IN ROUGH WEATHER, SAILORS DO NOT SHUT THE WINDIWS AND
LOCK THE DOORSs) THEY CLOSE~THE-PORTS 3 AND DOG- THE-HATCHES 3.
A PICTURE IS NEVER NAILED TC THE HWALL3 IT 1S5S SEGURED 3
T THE BULKHEAD 3+ SAILORS DON*T MOP THE FLOORs THEY
SWAB~-THE-DECK 3. THE SMOKE FROM THE SHiFf°*S FIRE ROOMS COMES
OUT OF A STACK 3, NOT A CHIMNEY.
A SAILOR DOES NOT GET OUT OF BED IN THE MORNING 2\
AND GO TO WORK) HE HITS-THE-DECK 3 AND
TURNS-TO 3. EVEN IF IT 1S PART OF HIS J03, HE
WILL NEVER BE REQUESTED TO RUN DOWN TO THE KITCHEN AND
TURN ON THE STOVEs HE MAY GET AN ORDER 3 T
LAY~BELOW 3 ON-THE-DOUBLE 3 AND LIGHT-0FF 3
THE GALLEY-RANGE 3.
THE WORDS DEFINED ABOVE ARE USED WHEN APPLICABLE [N
NAVAL AJRCRAFT AS WELL AS AFLOAT IN SHIPS AND BOATS.

- 215 -

ae




Q.ASS 3 QLASS 2

ABOARD 1 ABOVE 1
] BULKHEAD 1 AFLOAT i
BULKHEADS 2 ALRCRAFT |
: QL0 SE= THE=PORTS 1 ANO THER 1
: COMPARTMENT 1 APPLICABLE 1
QUPARTMENTS 1 CEIL ING 1
DECK S 1 CHIMNEY 1
G-~ THE-HATCHES 1 MRRIDORS 1|
DOORS 2 DEFINED 1
GALLEY-RANGE 1t ENTERING 1
HATCHES 1 EVEN 1
: HITS~ THE- DECK 3 KI TCHEN 1
1 LADDERS 1 LEVEL 1
- LAY- BELOW | MORNING t
: LIGHT-0FF 1 NAVAL 1
% ON=THE- DO UBLE 1 NEVER 2
E i ORDER 1 {)NLY 2
3 OVERMEAD 1 QPENINGS 3
3 : PASSAGEWAYS 1 PICTURE 1
] PORTS 1 REQUESTED 1
SECURED ) SAILOR 1
1 STACK \ SAILORS 2
: SWAB- THE= DECK 1 WEATHER 1
TURNS=-T0 1 WINDOWS 2
: NU 24 FQ 26 NU 24 FQ 39
p
Ei - Q.ASS 1 FLOORS 1 N*J_ 2 SMOKE 1
A 8 FOR 2 NO1 4 STAIRS |
Ay 1 FROM 2 oF 6 STOVE 1
AVD 7 GET 2 ON 1 THE 18
ARE 8 @ 1 ONE 1 THERE 2
AS 2 HALLS 1 UR 2 THEY 2
‘ BE 1 HE 3 ouT 2 THROUGH 1
BED 1 HIS i PART | ™ 7
BATS 1 IF 1 PASSING 1 TURN 1
3 CALLED 1 N 8 H00M 1 USED 1
] . OMES | 1s a DOMS 1 WALL 1
’ : DECK 1 1T 2 ROUGH 1 wALLS 1
0o t 03 1 RUN 1 WELL 1
DOES 1 LEAVING 1 SHIP 4 WHEN 1
DON'T | LOCK 1 SHIP*S | wiLL 1
0OwWN 1 MAY 1 SHIPS | W30S
FIRE | MOP i SHUT | W K 1
FLOOR 1 NAILED 1 SIDE 1 NG 70 F9 146
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4. Sampling Principles
The following is taken almost verbatim from the first two paragraphs of
"Principles of Sampling", Appendix G, of "Statistical Problems of the Kinsey
Report.....: A Report of the American Statistical Association Committee to

Advise the National Research Council Committee....." The authors of the

committee report are William G, Cochran, Frederick Mosteller, and John W, Tukey.

The committee report is published by the American Statistical Association,

Washington, D.C., 1954, 338 pages.

Whether by biologists, sociologists, engineers. or chemists, sampling is all
too often taken far too lighitly. In the early years of the present century, it
was hot uncommon to measure the claws and carapaces of 1000 crabs, or to count the
number of veins in each of 1000 leaves, and then to attach to the results the "probable
error" which would have been appropriate had the 1000 crabs or the 1000 leaves been
drawn at random from the population of interest. Such actions were unwarranted shot-
gun marriages between the quantitatively unsophisticated idea of a sample as "what
you get by grabbing a handful™ and the mathematically precise notion of a "simple
random sample”. In the years between we have learned caution by bitter experience.
We insist on some semblaitce of mechanical (dice, coins, random number tables, etc.)
ri- Jomization before we treat a sample from an existent population as if jt werc
random. We realize that if someone just "grabs a handful”, the individuals in the
handful almost always resemble one another (on the average) more than do the members
of a simple random sample. Even if the "grabs" are randomly spread around so that
every individual has an equal chance of entering the sample, there are difficulties.
Since the individuals of grab samples resemble one another more than do individuals
of random samples, it follows (by a simple mathematical argument) that the means of
grab sgmples resemble one another less than the means of random samples of the same

size. For a grab sample therefore we tend to underestimate the variability of the
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population, although we should have to overestimate it in order to obtain valid

estimates of variability of grab sample means by substituting such an estimate into

the formula for the variability of means of simple random samples. Thus using simple

random sample formulas for grab sample means introduves double bias, both parts of

which lead to an unwarranted appearance of higher stability,

Returning te the crabs, we may suppose that the orabs in which we are interested

are all the individuals of a wide-ranging species, spread along a few hundred miles
of coast, It is obviously impractical to seek to take a simple random sample from
the species — no one knows how to give each crab in the species an equal chance of
being drawn into the sample (to say nothing of trying to make these chances in-
dependent). But this does not bar us from honestly assessing the likely range of
fluctuation of the result,

Much effort has been applied in recent years particularly in sampling human
populations to the development of sampling plans which simultaneously

(1) are economically fensible,

(2) give reasonably precise results, and

(3) show within themselves an honest measure of fluctuation of their results.
Any excuse for the dangerous practice of treating non-rsndom samples as random ones
is now entirely tenuous., Wide knowledge of the principles involved is nceded if
scientific investigations invoiving samples (and what such investigation does not?)
are to be solidly based. Additional knowledge of techniques is not so vitally

important, though it can lead to substantial economic gain,
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WHEFHER 9Y BIOLOGLISTSs SOCIVLIOGLS TS ENGINEERS, O CHedisTSs
SAMPLING 2 IS ALL TO0 OFTEN TAKEN Fax IJJ LIGHTLY. IN IHE EALY
YEARS OF THE PRESENT CENTURY, IT WAS WOT UWGCIMMIN TO YiEASURE FHE
QLAWS AND CARAPAGES OF 1980 GCrRABS, I3 TV COUNT THE NUMBER OF VEINS
IN EACH OF 1009 LEAVES AND THEN TO ATTACH QO THE RESULTS
THE "“PROOCASLE~ERROR" 3 WHICa WIOWLO HAVE QEEN APPROPRIATE HAD TAE
1200 CRAHS OR 1080 LEAVES SEEN DRAWN A= RAVOIM 3 FrROM HE POPULATION
3 JF INTERESTs SUCH ACTIONS WERE UNWARRANTED SHU IGUN MARRIAGES
BETWEEN THE QUANTITATIVELY UNSOPHISTICATED 1DEA OF A SA4MPLE 3
AS "WHAT YOU GET oY GRABBING A HANDFUWL' AND THE MATHEMIATICALLY
PRECISE NOTION OF A “SIMPLE=RANDIA~ SAMPLE® 3¢ IN THE YEARS BETWEEvV A8
HAVE LEARNED CAUTION BY QITTER EAPERIENCE. WE INSIST ON SOME SEAGL AVUE
IF AECHANTCAL-RANDIMIZATION 3 (DIGE, COINSs RANDOM-NIMALER- TABLES J»
ETCe)> IEFORE WE TREAT A SAMPLE 3 FrOM AV EALSTEN I-POPUWATION 3
AS IF IT WERE RANDOM 3. WE REALILE THAT IF SOMEUNE JUST
“GRABS A HANDFUL'» THE INDIVIDUALS IN FHE HANOFUL ALMIST
ALWAYS RESEMBLE ONE ANJDTHER (UnN= TrE-AVEKAGE 3) MORE THAN O)

THE MEABERS OF A SIMPLE~rANDIM- SAMPLE 3+ EVEN LIF THE

GRAGS' ARE RAVDOMLY 3 SPREAD AOUND SO TAAT EVERY INDIVIDUAL

HAS AN E9UAL CHANCE OF ENTERING THE SAvPLE 3» THERE ARE OIFFICUWL FIES.
SINCE THE IVDIVIDUALS OF GrAY=SAYPLES 3 RESEMBLE ONE ANOTHER

MORE THAN 00  INDIVIDUALS OF RANDOM= SA4PLES 3, IT

FOLLOWS (BY A SIMPLE JATHEMATIGAL ARGUIENT) THAT THE MEANS J

OF GRAB=SAMPLES 3 RESEMBLE ONE AVO'HER LESS THAN THE 4£ANS 3

OF  RANDOM~SAMPLES 3 OF THE SAME SIZE.

FOR A GRAG-SAMPLE 3 THEREFORE WE TEND
TO UVDERESTIMATE THE VARIABILITY 3 JOF THE POPULATION 3, AL TROUGH
WE SHOULD HAVE T OVERESTIMATE IT IN JO<DER 1) 24TAIN VALLID 3
ESTIMATES OF VARIABILITY 3 UF GRrRAS- SAMPLE 3 4EANS J BY SUASTITUTING
SUCH AN ESTIMATE INTO THE FORMULA FIr THE VARLIABILITY 3
OF MEANS 3 OF SIMPLE~RANDOM=SAMPLES 3« THUS USING
SIMPLE= RANDUM = SAMPLES
3 FOR GRAB-SAMELE J MEANS 3 INTRUODUCES OQudLE BIAS 3, BOTH
PARTS OF WHICH LEAD TO AN UNWARRANTED APPEARANCE OF HIGHER STABILILY
3.

RETURNING TO THE CRAdDS, WE MAY SUPPISE THAT THE CRABS WHICH
WE ARE INTERESTED IN ARE ALL THE INDLVIOUALS OF A WIDE-RANGIVG
SPECIES, SPREAD ALONG A FEW HUNDRED
MILES JF COAST.

IT 1S OBVIOUSLY 14PrRACTICAL T3 SEEX [0

TAKE A SIMPLE=RANDOM=SAMPLE 3 FROM THE SPECIES ~= NO OVE KNOWS
H)W TO GIVE EACH CrAd IN THE SPECIES A¥ EJUAL CHANCE OF BELING
ORAWN 3 INTO [HE SAMPLE 3 (TO SAY WO THING 2 JF TRYING T JAXE
THESE CHANCES INDEPENDENT 3)s  8UT THIS UJES NUT BAR US FR04
HONESTLY ASSESSING THE LIKELY RANGE 3 UF FLUCTUATION 3 OF Trg
RESUL Te
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MUCH EFFORT HAS BEEN APPLIED IN RECENT YEARS, PARTICULARLY
IN SAMPLING 3 HUMAN POPULATIONS 3, TO THE OEVELIPMENT OF

O el ol ORIl
e

& SAMPLING-PLANS 3 WHICH SIMULTANEOUSLY ARE ECJONOMICALLY
& FEASIBLE, GIVE REASONABLY PRECISE RESULTS» AND SHOW ;
d WETHIN THEMSELVES AN HONEST MEASURE OF FLUGTUATION 3 OF
3 THEIR RESUL TS.
4 : ANY EXCUSE FOR THE DANGERIUS PRACIICE OF TREATING
§ NIN=RANDOM - SAMPLES 3 AS RANUOM 3 ONES IS NOW
¢ i BVTIRELY TENUOUS: WIDE KNUWLEDGE OF [FHE PRINCIPLES INVOLVED
1 IS NEEDED IF SCIENTIFIC INVESTIGATIONS INWLVING SAMPLES 3
i (AND WHAT SUCH INVESTIGATION DIES NOT?) ARE TO ¥E SOLIOLY dASED. !
: { ADDITIONAL KNOWLEDGE OF TECHNIQUES IS NOT SO !
4 v VITALLY IMPORTANT,» THOUGH IT CAN LEAD TO SUSSTANTIAL ECONOMIC GAINS.
£ N
é

;
£
3
153
£

. !
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FLUCTUATION 2

GRAB- SAMPLE 3

GRAD- SAMPLES
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PPWATION 2
POPULATIONS
PROZABLE« ERROR |
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RANDOM'NWBER-TAH.ES !
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RANGE i
SAMPLE 4
SAMM.ES 4

SAMPL ING 2
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SI”PLE‘H'\NDO‘i‘SMPLES 2
STABILITY

VALID 1
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BETWEEN
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5. Sampling Principles —Revision

The following is a revision of the previous explanation.

In scientific investigation, sampling is all too often taken far too lightly,
Fifty years ago, it was not uncommon for a scientist to measure the claws and shells
of 1000 crabs or to count the number of veins in each of 1000 leaves, and then to
attach to his averages a computed degree of variation called the "probable error”.

This figure could have been appropriate if the 1000 crabs (or leaves) had
been drawn (or selected) from their "population” {(the group of all the individuals
being studied) "at random”, that is, under conditions where each individual has aa
equal chance of being drawn, But nearly all the time the condition of drawing at
random was not observed., Such drawings were unwarranted shotgun marriages between
the quantitatively unsophisticated idea of a sample as "what you get by grabbing
a handful™, and the mathematically precise notion of a "simple random sample", a
sample where each individual in the population of interest has an equal chance of
being drawn.

Since that time we have learned caution by bitter experience. We insist on
at least some approach tewards using a mechanical device for selecting at random,
a device such as coins or dice or tables of numbers that occur at random, in order
to draw individuals for the sample. Only then do we treat a sample from a popula-
tion that exists (some populations are indefiritely large and do not exist) as if
the sample were random.

We realizz that 1f someone just grabs a handful, the individuals in the
handful almost always resemble one another- (on the average) more than do the

individuals in a simple random sample. Even if the grabs are randomly spread

RPN

around so that every individual has an equal chance of being drawn for the sample,
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there are difficulties. The individuals of grab-samples resemble one another more
than do the individuals of random samples; so it follows (by a simple mathematical
argument ) that the means (the averages) of grab-samples of a given size resemble one
another less than the means of random samples of that size,

Using grab-camples, therefore, we tend to underestimate the degree of variation
of the population, Applying to grab-samples the formulas that are appropriate only
for random samples and putting into those formulas the means of grab-samples, introduces
bias (error in one direotion). This leads to an unwarranted appearance of a smaller
degree of variation in the population than actually exists.

Returning to the crabs, we may suppose that the crabs in which we are interested
are all the individuals of a wide-ranging species, spread along a few hundred miles of
coast. It is obviously impractical to seek to take a simple random sample from the
species -- no one knows how to give each crab in the species an equal chance of being
drawn into the sample (to say nothing of trying to make these chances independent).
But this does not bar us from honestly trying to assess the likely degree of variation
in the result,

Much effort has been applied in recent years, particularly in sampling human
populations, to develop plans for sampling which simultaneously

(1) are economically feasible,

{2) give reasonably precise results, and

(3) show within themselves an honest degree of variation in their results.
Any excuse for the dangerous practice of treating as random samnles samples that are
not random is row without a shred of justification, But wide Kknowledge of the
principles of sampling is needed if scientific investigations invelving samples
(anu what such investigation does not?) are to be solidly based. Additional know-
ledge of techniques is not so vitally importamt, though it can lead to substantial

economic gains.

- 225 -




ST T e )

PR IR TR A (AT T

A r

IN SCIENTIFIC INVESTIGATION, SAMPLING 3 IS ALL TOO
OFTEN TAKEN FAR TOO LIGHTLY. FIFTY YEARS AGO» IT WAS
NOT UNCOMMON FOR A SCIENTIST TO MEASURE THE CLAWS AND SHELLS
OF 1000 CRABS OR TO COUNT THE NUMBER OF VEINS IN EACH OF 122@
LEAVES, AND THEN TO ATTACH TO HIS AVERAGES 3 A COMPUTED
DEGREE«OF=VARIATION § CALLED THE PROBABLE-ERROR 3.
THIS FIGURE COULD HAVE BEEN APPROPRIATE IF THE
1000 CRABS (OR LEAVES)> HAD BEEN DRAWN 3 (OR SELECTED) FROM
THEIR POPULATION 3 (THE GROUP OF ALL INDIVIDUALS BEING STUDIED),
AT-RANDOM 3%, THAT 1S, UNDER CONDITIONS WHERE EACH
INDIVIDUAL HAS AN EQUAL CHANCE OF SEING DRAWN. BUT NEARLY
ALL THE TIME THE CONDITION OF DRAWING 3
AT-RANDOM 3 WAS NOT OBSERVED. SUCH DRAWINGS\ 3 :
WERE UNWARRANTED SHOTGUN :
MARRIAGES BETWEEN THE QUANTITATIVELY UNSOPHISTICATED IBEA
OF A SAMPLE 3 AS "WHAT YOU GET B8Y GRABBING A HANDFUL™, AND :
THE MATHEMATICALLY PRECISE NOTION OF A "SIMPLE-RANDOM=-SAMPLE",
. A SAMPLE 3 WHERE EACH LNDIVIDUAL IN THE POPULATION 3 i
5 OF INTEREST HAS AN EQUAL CHANCE OF BEING DRAWN. ;
: SINCE THAT TIME WE HAVE LEARNED CAUTION BY BITTER
EXPERIENCE. WE INSIST ON AT LEAST SOME APPRUACH TOWARDS USING ’
ME . 4aN1CAL DEVICE FOR SELECTING AT~RANDOM 3, A DEVICE SUCH AS ;
CUINS OR DICE OR TABLES OF NUMBERS THAT JCCUR AT-RANDOM 3> 1IN ;
4 ORDER TO DRAW 2 INDIVIDUALS FOR THE SAMPLE 3. ONLY THEN D0 WE :
1 TREAT A SAMPLE 3 FROM A POPULATION 3 THAT EXISTS (SOME
POPULATIONS 3 ARE INDEFINITELY LARGE AND DO NOT
EXISTY) AS IF THE SAMPLE 3 WERE RANDOM 3. WE REALIZE
THAT IF SOMEONE JUST GRASS A HANDFULs, THE
INDIVIDUALS 1IN THE HANDFUL ALMOST ALWAYS RESEMBLE ONE ANOTHER
(ON-THE-AVERAGE 3> MORE THAN DO THE INDIVIDUALS IN A
SIMPLE~- RANDOM-SAMPLE 3. EVEN IF THE GRABS ARE RANDOMLY 3 )
SPREAD AROUND SO THAT EVERY INDIVIDUAL HAS AN EQUAL CHANCE ¢
OF BEING DRAWN 3 FOR THE SAMPLE 3, THERE ARE DIFFI!CUWTIES.
3 THE INDIVIDUALS OF GRAB-SAMPLES 3 RESEMBLE ONE ANOTHER MORE
THAN DO THE INDIVIDUALS OF RANDOM= SAMPLES 33 SO IT FOLLOWS
(BY A SIMPLE MATHEMATICAL ARGUMENT) THAT THE MEANS 3 (THE
AVERAGES 3) OF GRAB-SAMPLES 3 OF A GIVEN SIZE RESEMSBLE
ONE ANOTHER LESS THAN THE MEANS OF XANDOM- SAMYPLES OF THAT SIZE.
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USING GRAB-SAMPLES 3, THEREFORE, WE TEWD TO UNDERESTIMATE
THE DEGREE-OF~-VARIATION 3 OF THE POPULATION 3. APPLYING
TO GRAB-SAMPLES 3 THE FORMULAS THAT ARE APPRIPRIATE
ONL Y FOR RANDOM~SAMPLES 3 AND PUTTING INTO THOSE FORYULAS
THE WEANS 3 OF GRAB«SAMPLES 3, INTRODUCES 81AS 3 C(ERROR IN
ONE DIRECTION). THIS LEADS TO AN UNWARRANTED APPEARANCE
OF A SMALLER DEGREE-OF-VARIATION IN THE POPULATION THAN ACTUALLY
EXLISTS. RETURNING TO THE GCRABS, WE MAY SUPPOSE THAT THE CRrABS InN
WHICH WE ARE INTERESTED ARE ALL THE INDIVIDUALS OF A
WIDE-RANGING SPECIES, SPREAD ALONG A FEW HUNDRED MILES OF
@AST. IT IS OBVIOUSLY IMPRACTICAL TO SEEK TO
TAKE A SIMPLE=-RANDOM~SAMPLE 3 FROM THE SPECIES =~- NO ONE KNOWS
HOW TO GIVE EACH CRAB IN THE SPECIES AN EQUAL CHANCE OF BEING
DRAWN 3 INTO THE SAMPLE 3 (TO SAY NOTHING 2 OF TRYING TO MAKE
THESE CHANCES INDEPENDENT 3. BUT THIS DOES NOT BAR US FROM
HONESTLY ASSESSING THE LIKELY DEGREE-OF~-VARIATION 3 IN THE
RESULT.

MUCH EFFORT HAS BEEN APPLIED IN RECENT YEARS, PARTICULARLY
IN SAMPLING 3 HUMAN POPULATIONS 3, TO DEVELOP
ALANS FOR SAMPLING WHICH SIMULTANEOUSLY ARE ECONOMICALLY
FEASIBLE, GIVE REASONABLY PRECISE RESULTS» AND SHOW
WITHIN THEMSELVES AN HONEST DEGREE~OF=VARIATION 3 IN
THEIR RESULTS.
ANY EXCUSE FOR THE DANGEROUS PRACTICE OF TREATING AS
RAN DOM=- SAMPLES 3 SAMPLES 3 THAT ARE NOT RANDOM 3 IS5 NOW
WITHOUT A SHRED OF JUSTIFICATION. BUT WIDE KNOWLEDGE OF
THE PRINCIPLES OF SAMPLING 3 IS NEEDED IF SCIENTIFIC
INVESTIGATIONS INVOLVING SAMPLES 3 CAND WHAT SUCH INVESTIGATION
DOES NOT?) ARE TO BE SOLIOLY BASED. ADDITIONAL
KNOWLEDGE OF TECHNIQUES 1S NOT SO VITALLY IMPORTANT, THOUGH
IT CAN LEAD TO SUBSTANTIAL ECONOMIC GAINS.
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6. Soreening out Potential Troublemakers
The following is taken from pp 40-41 of Chapter 8, "The Case of the Suspended
Sentence”, in "Prinviples and Problems of Naval Leadership™, NAVPERS 15924A,
second edition, prepared by the Dureau of Naval Personnel, Washington, D.C.,

1964, 107 pp.

1f the hehavior of human beings were wholly determined by heredity and environment,
or by purely mechanical or automatic laws, prediction of future success or failure would
be easy. If we ocould say that human beings, when stimulated in a particular fashion,
would automatically react in a given way, not only the predictability, but the control of
human behavior would likewise be easy. Indeed, some schools of thought and teaching
have given this impression. One such school might loosely be termed "behavioristic,"
another "mechanistic". Developments in the science of cyberneties (a comparative study
of complex meohanical-eleotronio communioations systems, such as computers, with the
control system tormed by the nervous system and the brain) have led some people to
believe that there is no essential difference between men and highly refined "computers",

But the faot of the matter is that no machine ever invented, past, present, or
future, no matter how complex its operations, has had or can have a built-in nersonal
moral responsibility. A man can know all the rules. He can study behavioral principles
all his life. 1In turn he can be studied in exhausting detail. His blood can be tested;
x-rays and fluoroscopes can strip him of every physiological secret, FElectroencephalo-
grams, psychogalvenometers, and Rorschach diagnoses can tell a lot about what goes on in
his mind and in his emotional make up. Chi-squares and coefficienis of correlation can
ascertain the probabilities of how many people will prefer blue wall paper to red wall
paper,

Then comes an actual situation: Joe Doaks can choose -- ¢hoose to work, or not to

wotk, to cooperate, or to refuse to cooperate. Joe Doaks can even laugh when everyone

else in the world ¢ries. He ¢an choose to be punished. when you would expect him to beg
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to he let off. He can obey the lew for 50 years, then murder someonc. He ocan spend

37 years on the primrose path to damnation, and then shrink from crime, vice or from cven
the slightest indisoretion,

We are not implying that people are in no way predictable, nor do we impugn the

psychologlical and the physioal sciences that can throw considerable light on the how
and why of human behavior,

But people remain people, and they can choose “to be or
not to be."
Suppose you said, "We know that the majority of people who end up in naval

retraining commands come from broken homes, so let's exclude any recruit who comes from

a broken home," But to do so might exclude some of our most successful personnel

(because some of these have come from what one might call the worst pessible type of

home). Psychologists and peychiatrists are the last ones to claim that they can predict

a man's future,

i
1
H

Is there any simple pencil and paper test or orucial question that will tell us :
whether someone is likely to go over the hill, or steal, or become a homosexual, once
he has enlisted? We know of none to date, and efforts to develop one have been
unsuccessful,

Even 1f a test seemed to work well enough to pay its cost, who will tell a “full-
blooded American boy"” that he is ineligible for naval service because his test scores

suggest thut he might some day become a drunkard, or that he might eventually fall into
some Other kind of delinguency?

Moreover, how big is our manpower supply? Could we "leave out" all the “potential
troublemakers"” even if 1t were possible to identify them more accurately? A Senate
Subcommittee stated (October 1958) that one out of every five men who should be
avallable for military service have records of arrest; a survey conducted by the Army
and Alr Force demonstrated that men with records of arrest generally gccount for far more
courts-martial, cases of AWOL, and prison sentences than men without such records.

Yet
we have to have a certain minimum number of these men on-board even {n "peacetime",

while in all-out mobilization the number will skyrocket and selectivity will become much
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less easy. As a further exsmple, we find that the man most likely to end up in &
retraining command is one who has fajled to complete high school., Even so, the Navy and
the other services must gooept their "share™ of men who htve not oompleted high school,
The question of soreening troublemakers is and will remain important because
disoiplinary problems cost millions of dellars and thousands of officer and man hours,
Desirgble as it is to have the best men, such an ideal cannot be reached. We have some
of the finest people in the world -~ and we have our problem makers, Justifiable though
our complaint may be sbout the level of some reoruits, once we have them, we have to
do what we can for their good and for that of the Navy, Many of those who don't look

promising can and have become the finest sallors in the fleet. We increase the chances

of suoh suocess if we catch the potential troublemakers at the bheginning of their

enlistments,
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SCREENING OUT POTENTIAL TROUBLEMAKERS 3

If THE BEHAVIOR OF HUMAN-BEINGS WERE WHOLLY DETERMINED BY

HEREDITY AND ENVIRONMENT: OR BY PURELY MECHANICAL OR

AUTOMATIC LAWSs PREDICTION OF FUTURE SUCGESS OR FAILURE wWOWD

BE EASYs IF WE COWD SAY THAT HUMAN~BEINGS, WHEN

STIMULATED IN A PARTICIAL AR FASHION, WOULD AUTOMATICALLY REAGT 2

IN A GIVEMN WAY, NOT ONLY THE PREDICTABILITY BUT THE CONTROL

OF HUMAN BEHAVIOR WOULD LIKEWLISE BE EASY. INDEED SOME SGHOOLS

OF THOUGHT AND TEACHING HAVE GIVEN THIS IMPRESSION.

ONE SUCH SCHOOL MIGHT LOOSELY BE TERMED "BEHAVIORISTIC™ 4

ANQ THER MECHANISTIC" 4+ DEVELOPMENTS IN THE SCIENGE OF

CYBERNETICS 3 ¢A COMPARATIVE STUDY OF COMPMLEX

MECHANICAL+ELECTRONIC COMMUNICATION S+ SYSTEMS 3¢ SUCH A5 COMPUTERS,

WITH THE CONTROL SYSTEM FORMED BY THE NERVOUS=SYSTEM AND

™E BRAIN) HAVE LED SOME PEOPLE TO BELIEVE THAT THERE IS

N ESSENTIAL DIFFERENCE OETWEEN MEN AND HIGHLY REFINED "GOMPYTERS" 3.
BUT THE FACT OF THE MATTER IS5 THAT NO MAGHINE EVER INVENTED,

PAST) PRESENT OR FUTURE, NO MATTER HOW COMPLEX ITS OPERATIONS,

HAS HAD QR CAN HAVE A BUIL T« IN PERSONAL-MORAL-RESPONSIBILITY 3. A

MAN CAN KiNOW ALL THE RULESs HE CAN STUDY BEHAVIORAL=-PRINCIPLES 3

AL HIS LIFEs IN TURN, HE CAN BE STUDIED IN EXHAUSTING DETAIL.

RIS BLOQD CAN BE TESTED) X~RAYS 4 AND FLUORISCOPES 4 CAN STRIP HIM OF

EVERY PHYSIOLOGIGAL SECRET+ ELEGTROENCEPHALQGRAMS 4,

PSY CHOGAL VANOMETERS a» AND RORSCHACH 4 DIAGNOSES CAN TELL A LOT

AROUT WHAT GOES ON IN HLIS 4IND AND IN HIS EMOTIONAL MAKE-UP.

CHI= SQUARES 4 AND QOEFFICIENTS-0F-CORRELATION 4 GCAN ASCERTAIN

THE PROBABILITIES OF HOW MANY PEOPLE WILL PREFER WLUE WALL«PAPER

T0 RED WALL+PAPER.

THEN GOMES AN ACTUAL SITUATIONT JOE-UOARS 1 CAN CHOUSE <=
CHOOSE TJ WRK, OR NOT TO WORK, TO COUPERATE, OR M REFUSE 10
QWOPERATE. JOE-DOAKS CAM EVEN LAUGH WHEN EVERYONE ELSE (N THE
WRLD CRIESs HE CAN CHOOSE TO BE PUNISHED, WHEN YOU WOWD EXPECT
HIM To BEG TO BE LET OFF. HE CAV Q03EY THE LAW FOR 50 YEARS,

THEN MURDER SOMEONE: HE CAN SPEND 37 YEARS ON THE PRIMROSE~PATH
TO DAMNATION, AND THEN SHRINK FROM CRIME, VICE, OR EVEN
THE SLIGHTEST INODISCRETION.

WE ARE NOT IMPLYING THAT PEOPLE ARE IN NO WAY PREODICTABLE,
NOR DO WE IMPUGN THE PSYCHOLOGICAL. AND THE PHYSICAL
SCIENCES THAT CAN THROW CONSIDERABLE LIGHT ON
THE HOW AND WHY OF HUMAN BEHAVIOR. BUT PEOPLE REMALIN
PEOPLE, AND THEY CAN CHOOSE "T0 BE OR NOT TO BHE'.
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SUPPOSE YOU SALD, *WE KNOW THAT THE AAJORITY OF PEOPLE
WHO END UP IN NAVAL«RETRAINING«COMMANDS 3 COME
FROM BROKEN HOMES, S0 LET'S EXCLUDE ANY RECRUIT
WHO COYES FROM A BROKEN HOME.' BUI TO DO SO MIGHT EXCLUDE
DME OF DUR 3 MOST SUCCESSFUL PERSONNEL (8ECAUSE SOME QF THESE
HAVE COME FROM WHAT ONE MIGHT CALL THE WORST POSSIBLE
TYPE OF HOME)e PSYCHOLOGISTS AND PSYCHIATRISTS ARE THE LAST
ONES T0 CLAIM THAT THEY CAN PREDICT A MAN'S FUTURE.

IS5 THERE ANY SIMPLE PENCIL=-AND-PAPER TEST, OR CRUCIAL
QUESTION THAT WILL TELL US 3 WHETHER SOMEONE 15 LIKELY TO
-0 VER= THE=-HILL 3, OR STEAL, OR SECOME A HOMOSEXUAL, ONCE
HE HAS ENLISTED? WE 3 KNOW OF NONE 1V DATE» AND EFFORTS
TO DEVELOP ONE HAVE BEEN UNSUCCESSFU .

EVEN IF A TEST SEEMED TO WORK WELL ENQUGH TO PAY ITS
ST, WHO WILL TELL A "FULL-BLOODED AMERICAN BOY" THAT
HE 1S INELIGIBLE FOR NAVAL SERVICE BECAUSE HIS TEST SCORES
SUGGEST THAT HE MIGHT SOME DAY BECOME A DRUNKARDs OR THAT
HE MEGHT EVENTUALLY FALL INTO SOME OTHER KIND OF DEL INQUENCY?

MOREOVER, HOW BIG IS OUR MANPOWER SUPPLY? COWD
WE "LEAVE OUT"™ ALL THE "POTENTIAL TROUOLEMAKERS" EVEN
IF 1T WERE POSSIBLE TO IDENTIFY THEM MORE ACCURATELY? A
SENATE SUBCOMMITTEE STATED (OCTOBER t 1958 )

THAT ONE OUT OF EVERY FIVE MEN WHO SHOWLD BE AVAILABLE FOR
MILLTARY SERVICE HAVE RECORDS OF ARRESTS A SURVEY CONDUCTED
BY THE ARMY AND AIR FORCE DEMONSTRATED THAT MEN WITH RECORDS
OF ARREST GENERALLY ACCOUNT FOR FAR MORE COURTS=MARTIAL 3,
CASES OF AWOL 3, AND PRISDN SENTENCES THAN MEN

WITHOUT SUCH RECORDS: YET WE HAVE TO HAVE A CERTALIN MINIMUM
NUMBER OF THESKE MEN ON=BOARD 3 EVEN IN "PEACETIME'™ WHILE 1IN
ALL=-0UT MOBILIZATION THE NUMBER wilL SKYROCKETs AND
SELECTIVITY WILL BECOME MUCH LESS EASY. AS A FURTHER
EXAMPLE, WE FIND THAT THE MAN MOST LIKELY TO END UP IN A
RETRAINING=COMMAND 3 1S ONE WHO HAS FAILED TO COMPLETE
HIGH=SCHCOL. EVvEN 50, THE NaVY AND THE OTHER SERVICES

MUST ACCEPT THEIR '*SHARE' OF MEN WHO HAVE NOT COMPLETED

HI GH« SCHOOL .

THE QUESTION OF SCREENING TROUBLEMAKERS IS AND WILL
REMAIN IMPORTANT BECAUSE DISCIPLINARY PROBLEMS COST MILLIONS
OF OOLLARS AND THOUSANDS OF OFFICER AND MAN ..QURS. OESIRAQLE
AS IT IS TO HAVE THE BEST MEN, SUCH AN I0EAL CANNOT BE REACHED.
WE HAVE SOME OF THE FINEST PEOPLE IN THE WORLD == AND E
HAVE QUR PROBLEM-MAKERS 3, JUSTIFIABLE THOUGH OUR COM ML AINT
MAY BE ABOUT THE LEVEL OF SOME RECRUITS, ONCE WE HAVE THEM,
WE HAVE TO DO WHAT WE CAN FOR THEIR GOOD AND FOR THAT OF
THE NAVYs MANY OF THOSE WHO DON'T LOOK PROMISING CaN
ANO HAVE BECOME THE FINEST SAILORS IN THE FLEET. WE INCREASE
THE CHANCES OF SUCH SUCCESS [F WE CATCH THE POTENTIAL
TROUBLEMAKERS AT THE BEGINVING OF THEIR ENLISTMENTS.
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7. Screening Out Potential Troublemakers --Revision

The problem of soreening out potential troublemakers is and will remain
important, because disciplinary problems cost the Navy millions of dollars and
thousands of officer and man hours, It would be very desirable to develop and
improve tests which would predict accurately whether a man seeking to enter ihe
Navy would become a serious troublemsker, and thus enable the Navy to screen him
out before entry.

But simple pencil and paper tests, or key questions, -- or even elaborate and
expensive tests drawing deeply on the resources of physiology and psychology -- have
not to date been successful in this sort of prediction. Accordingly, the Navy has
not so far been able to tell ahead of time whether a particular man, after he has
been accepted, will go over the hill, or steal, or become a drunkard or a homosexual,
or be a troublemaker in other ways.

There c=#em to be two basic reasons for the lack of sucvcessful tests, First,
the behavior of human beings even on the average is not fully determined by heredity,
environment, or mechanical or automatic laws. This is true even though the psycholog-
fcal and physiological sciences throw considerable light on the how and why of human
behavior,

Second, the individual human being is fntensely variable. In an actual situation,
Joe Doaks can choose to work, or not to work. He can laugh, when almost everyone
else cries. He can choose to be punished, when you would expect him to beg to be let
off. He can obey the law for 30 years, then murder someone.

Some predictive factors have been observed, such as a record of arrest, or
coming from a broken home, or failure to complete high school. A survey conducted by
the Army and Air Force demonstrated that men with records of arrest generally account
for far more courts martial, absences without leave, and prison sentences than men
without such records. In the Navy the men who are most likely to end up in naval

retraining commands are those who have not completed high school.

- 239 -

I
i
AT KTAY

© et e gt
RO Alaty iy

PRVIE SN RIS

L el e i S L

B (1

' iz o el s s Gt o

e aa

ol

P S ST NETY

e e



But even so, the Navy cannot in practice be highly selective in its choice of

men, for several reasons, First, some of our most successful men come from what
might be called the worst possible type of home, or have had a record of arrest,

or have failed to complete high school. To exclude such men would prevent such
sucoesses, Second, the manpower supply of the United States is not unlimited. The
suppiy is not big enough for the Navy to screen out all potential troublemakers
even 1f it were possible to identify them accurately, A Senate Subcommittee stated
(October 1958) that one out of every five men who should be available for military
service have records of arrest., Of course, in times of all-out mobilization the

number of men that the Navy will have to accept will skyrocket.
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So, justifiable as our complaint may be about the level of some of the Navy's

recruits, once we have them, we have to do what we can for their good and the good

of the Navy, Many of those who did not look promising in the past are now among the

finest sailors in the fleet. We increase the chances of success like this if we
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treat disciplinary cases wisely when they ocour at the beginning of enlistment.
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SCREENING OUT POTENTIAL TROUBLEMAKERS

THE PROBLEM OF SCREENING OUT POTENTIAL
TROUBLEMAKERS 3 IS AND WILL REMAIN IMPORTANT,» BECAUSE
DI SCIPLINARY PROBLEMS COST THE NAVY MILLIONS OF DOLLARS
AND THOUSANDS OF OFFICER AND MAN HOURS. 1T WOULD BE VERY
DESIRABLE TO DEVELOP AND IMPROVE TESTS WHICH
WULD PREDICT ACCURATELY WHETHER A MAN SEEKING TO ENTER
THE NAVY WOULD BECOME A SERIOUS TROUBLEMAKER 3 » AND THUS
ENABLE THE NAVY TO SCREEN HIM OUT BEFORE ENTRY.

BUT SIMPLE PENCIL~-AND<«PAPER TESTS, OR KEY QUESTIONS
=~ OR EVEN ELABORATE AND EXPENSIVE TESTS DRAWING DEEPLY
ON THE RESOURCES OF PHYSIOLOGY AND PSYCHOLOGY =- HAVE
NOT TO DATE BEEN SUCCESSFUL IN THIS SORT OF PREDICTION.
ACCORDINGLY» THE NAVY HAS NOT SO FAR BSEEN ABLE
TO TELL AHEAD OF TIME WHETHER A PARTICULAR MAN,
AFTER HE HAS BEEN ACCEPTED», WILL GO~QVER-THE-HILL 3» OR STEAL,
OR BECOME A DRUNKARD OR A HOMOSEXUAL» OR BE A TROUBLEMAKER

IN OTHER WAYS.

THERE SEEM TO BE TWO BASIC REASONS FOR THE LACK OF
SUGCESFUL TESTSs FIRST, THE BEHAVIOR OF HUMAN-BEINGS, EVEN ON
THE AVERAGE, 1S NOT FULLY DETERMINED BY HEREDITY» ENVIRONMENT,
OR MECHANICAL OR AUTOMATIC LAWS. THIS IS TRUE EVEN THOUGH
THE PSYCHOLOGICAL AND PHYSIOLOGICAL SCLIENCES
THROW CONSIDERABLE LIGHT OM THE HOW AND WHY OF
HUMAN BEHAVIOR. SECOND, THE INDIVIDUAL HUMAN-BEING 135
INTENSELY VARIABLE. IN AN ACTUAL SITUATION
JOE-DOAKS 1 CAN CHOOSE TO WORK, OR NOT TO WORKs HE CAN
LAUGH, WHEN ALMOST EVERYONE ELSE CRIES. HE CAN CHOOSE TO
BE PUNISHED, WHEN YOU WOULD EXPECT HIM TO BEG TO BE LET QFF.
HE CAN OBEY THE LAW FOR 30 YEARS, THEN MURDER SOMEONE.

SOME PREDICTIVE FACTORS HAVE BEEN UBSERVED, 3UCH AS A
RECORD OF ARREST» OR COMING FROM A BROKEN HOME, OR FAILURE TO
OQOMPLETE HIGH~-SCHOOL. A SURVEY CONDUCTED BY THE ARMY
AND THE Aik~FORCE DEMONSTRATED THAT MEN WITH RECORDS OF
ARREST GENERALLY ACCOUNT FOR FAR MORE COURTS-MARTIAL 3»

ABSENCES WITHOUT LEAVE, AND PRISON SENTENCES THAN

MEN WITHOUT SUCH RECORDS. IN THE NAVY THE MEN WHO ARE MOST
LIKELY TO END UP IN NAVAL-RETRAINING=COMMANDS 3 ARE

THOSE WHO HAVE NOT COMPLETED HIGH=-SCHOOL.
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BUT EVEN SO THE NAVY CANNOT IN PRACTICE HE HIGHLY
SELECTIVE IN LTS CHOICE OF MENs, FOR SEVERAL REASINS. FIRST,
OME OF QUR MOST SUCCESSFUL MEN COME FROM WHAT MIGHT BE CALLED
THE WORST POSSIBLE TYPE OF HOME, OR HAVE HAD A RECORD
OF ARREST, OR HAVE FAILED TO COMPLETE HIGH- SCHOOL. TO
EXCLUDE SUCH MEN WOULD PREVENT SUCH SUCCESSESs SECONDs, THE
MANPOWER SUPPLY OF THE UNITED~STATES | 1S NOT UNLIMITED.
THE SUPPLY IS NOT BIG ENOUGH FOR THE NAVY TO SCREEN QuT
ALL POTENTIAL TROUBLEMAKERS EVEN IF IT WERE POSSIBLE TO LDENTIFY
THEM ACCURATELY: A SENATE SUBCOMMITTEE STATED (OCTOBER 1 1958)
THAT ONE OUT
OF EVERY FIVE MEN WHO SHOULD BE AVAILABLE FOR MILITARY
SERVICE HAVE RECORDS OF ARRESTe OF=-COURSE, IN TIMES OF ALL-0OUT
MOBILIZATION THE NUMBER OF THE MEN THAT THE NAVY WILL HAVE
T0 AGCEPT WILL SKYROCKET.
, S0» JUSTIFIABLE AS QUR COMPLAINT MAY BE ABOUT THE
: - LEVEL, OF SOME OF THE NAVY*'S RECRUITS, ONCE WE HAVE THEM,
WE HAVE TO DO WHAT WE CAN FOR THEIR GOOD AND FOR THE
GO0D OF THE NAVY:s MANY OF THOSE WHO 010 NOT LOOK PROMISING IN THE
- PAST ARE NOW AMONG THE FINEST SAILORS IN THE FLEETs WE INCREASE
THE CHANCES OF SUCCESS LIKE THIS IF WE TREAT DI SCIPLINARY
CASES WISELY WHEN THEY OCCUR AT THE BEGINNING OF
ENLISTMENT,
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6. Communication is Subtle
The following is taken from "The Talk of the Town" in "The New Yorker”

far March 3, 1951,

A publisher in Chicagn has sent us a pooket caloulating machine by which we
may test our writing to see whether it is intelligible, The calculator was
developed by General Motors, who, not satisfied with giving the world a Cadillac,
now dream of bringing perfect understanding to men. The maohine (it is simply a
cellulold card with a dial) is called the Reading-Ease Caloulator and shows four
grades of "reading ease" ~Very Easy, Easy, Hard, ond Very Hard, You count your
words and syllables, set the dial, and an indicater lets you kuow whether unybody
is golng to understand what you have written., An Instruction book come with it,
and after mastering the simple rules we lost no time in running a test on the
instruction book itself, to see how that writer was doing. The poor fellow!

His leading essay, the one on the front cover, tested Very Hard,

Our next step wos to study the first phrase oh the face of the caloulator:
"How to test Reading-Ease of written matter." There is, of course, no such
thing as reading ease of written matter. There is the case with which matter
¢an be read, but that is a condition of the reader, not of the matter. Thus
the fnventors and distributors of this caloulator get off to a poor start, with
a Very Hard instruction book and a slovenly phrase. Already they have one foot

caught in the brier patch of English usage.

Not only did the author of the imstruction book score badly on the front cover,

but inside the book he used the word "personalize” in an essay on how to improve
one's writing. A man who likes the word "personalize™ is entitled to his choice,
but we wonder whether he should be In the business of giving advice to writers,
"Nhenever possible,” he wrote, "personalize your writing by directing it to the
reader.” As for us, we would as lief Simonize our grandmother as personslize our

writing.
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In the same ¢nvelope with the caloulator, we recedved another trafning aid
for writers -~ a booklet called "How to Write Better,” by Rudolf Flesech, This, too,
we studied, and it quiokly demenstvated the broncolike ability of the English
language to throw whoever leaps cocksurely into the saddle. The language not only
oan toss a rider but knows a thousand tricks for tossing him, each more gay than
the last. Dr, Flesch stayed in the saddle only o moement or two, Under the head-
ing "Think Before You Write," he wrote, "The main thing to consider {5 your puipose
in writing. Why sre you sitting down to write?" And echo enswered: Because, siv,
it is more comfortable than standing up.

Communfcation hy the written word is a subtler (and more beautiful) thing than
Dr. Floseh or Genersl Motors imagines, They contend that the "average reader” is
aapable of reading only what tests Easy, and that the writer should wrfte at or
below this level. This Is a presumptuous and dograding idea. There is no average
readeyr, and to reach dowmn toward this mythical charsoter is to dony that each of us
is on the way up, is ascending. (“Ascending.™ by the way, 1s a word Dr, Flesch
advises writers to stay away from. Too unusual,)

It is our bellef that no writer can Improve his work until he discavds the
dulocet notion that the reader is feeble-minded, for writing is an act of faith,
not @ trick of grammar. Ascent is at the heart of the matter, A country whose
writers are following a caleulating machine dewnstalrs is not asoending -- if you
will psrdon the expression -- and & writer who quastjoens the capacity of the person
at the other end of the line is not a writer at all, merely s schemer. The movies
long ago deoided that a wider communication could be achieved by a deliberate descent
to a lower level, and they walked proudly down until they reached the cellar, Now
they are groping for the light switch, hoping to find the way out,

We have studied Dr. Flesch's instructions diligently, but we return for guidance

In these matters to an earlier American, whe wrote with more patience, more confidence,
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*T fear chiefly.” he wrote, "lest my expression may not he gxtra-vaqunt enough, may
not wander far enough beyond the narrow limits of my daily experience, so &$s to be
adequate to the truth of whioh 1 have been convinced.....Why level downwnyd to our
dullest peroeption alweys, and praise that as common sense? The commonest Sense
is the sense of men asleep, which they express by snoring.”

Kun that through your oaloulator! It may come out Hard, it may come out Lasy.
But it will come out whole, snd it will last forever,
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a PUBLISHER IN CHICAGO 1 HAS SENT US 4 PJIUKET
CALCULATING MACHINE BY WHICH WE MAY TEST JUR WRI.1[:4
T SEE WHETHER IT IS INTELLIGIBLE. THE CALCULATOR
WAS DEVELOPED BY GENERAL-MOTORS 1» WHO, NOT SATISFIED WITH
CIVING THE WORLD A CADILLAC 4, NOW DREAM OF 3RINGING
PERFECT UNDERSTANDING TO MEMN. THE MACHINE CIT IS SIMPLY A
CELLWOID CARD WITH A DIALY .S CALLED THE
3 , READING-EASE-CALCULATOR 3 AND SHOWS FOUR GRADES OF
1 B “READING-EASE" 3 ~- VERY-EASY 3» EASY 3, HARD 3, AND VERY~HARD 3.
3 - YOU COUNT YOUR WORDS AND SYLLABLES, SET THE DIAL, AND AN
p , INDICATOR LETS YOU KNOW WHETHER ANYBODY IS GOING TO UNDERSTAND
] WHAT YOU HAVE WRITTEN. AN INSTRUCTION 800K CAME WITH IT,» AND

AFTER MASTERING THE SIMPLE RULES WE LOST NO TIME IN RUNNING A
) TEST ON THE INSTRUCTION BOOK ITSELFs, TO SEE HOW THAT WRITER
i WAS DOINGe THE POOR FELLOW! HIS LEADING ESSAY,
: THE ONE ON THE FRONT GOVER, TESTED VERY-HARD.

NOT ONLY DID THE AUTHOR OF THE INSTRUCTION BOOK

g SCORE “ADLY ON THE FRONT COVER, BUT INSIDE THE BOOK HE USED
= THE W ) "PERSONALIZE™ IN AN ESSAY ON HOW TO IvMPROVE ONE'S 1
WRITlue A MAN WHO LIKES THE WORD '"PERSONALIZE®™ IS ENTITLED
T H15 CHOICE, BUT WE WONDER IF HE SHOWD B8E IN THE BUSINESS
OF GIVING ADVICE TO WRITERS. *WHENEVER POSSIBLE,* HE WROTE»
"PERSONALIZE YOUR WRITIMG BY DIRECTING IT TO THE READER.*
AS FOR USs WE WOULD AS LIEF 2 SIMONIZE OUR GRANDMOTHER AS
PERSONALIZE OUR WRITING.

IN THE SAME ENVELOPE WITH THE CALCULLATOR» WE RECEIVED ;
ANOTHER TRAINING-AID FOR WRITERS -- A BOOKLET CALLED :
"{0W TO WRITE BETTER'™s BY RUDOLF-FLESCH 1. THIS TOO, WE STUDIED,

AND IT QUICKLY DEMONSTRATED THE BRONCOLIKE ABILITY OF

THE ENGLISH LANGUAGE TO THROW WHOEVER LEAPS COCKSURELY INTO

THE SADDLE. THE LANGUAGE NOT ONLY CAN TOSS A RIDER BUT KNOWS
A THOUSAND TRICKS FOR TOSSING HIM, SACH MORE GAY THAN THE LAST.
DR-FLESCH 1 STAYED IN THE SADDLE ONLY A MOMENT OR TwO.

UNDER THE HEADING "THINK BEFORE YOU WRITE," HE WROTE, "THE

MAIN THING TO CONSIDER 1S YOUR PURPOSE. IN WRITING. WHY ARE
YOU SITTING DOWN 10 WRITE?®™ AND ECHO ANSWERED: BECAUSE,

SIR,» IT IS MORE COMFORTABLE THAN STANDING UP.

COMMUNICATICN BY THE WRITTEN WORD IS A SUBTLER C(AND MORE
, BEAUTIFUL THING THAN DR-FLESCH OR GENERAL-MO TORS IMAGINES.

: THEY CONTEND THAT THE '"AVERAGE-READER™ 3 1S CAPABLE OF READING
ONLY WHAT TESTS EASY» AND THAT THE WRITER SHOU.D WRITE

AT OR BELOW THIS LEVEL. THIS 1S A PRESUMPTUOUS AND

DEGRADING 1D0EA. THERE 1S NO AVERAGE- XEADERs AND TO REACH

DOWN TOWARD THIS MYTHICAL CHARACTER IS TO DENY THAT EACH

OF ')JS 1S ON THE WAY UP, 15 ASCENDING. <"ASCENDING',

: ' BY THE WAY, 15 A WORD DR-FLESCH ADVISES WRITERS TO S$TAY

! AWAY FROM. TOO UNUSUAL.)

h.
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IT 1S OUR BELIEF THAT NO WRITER CAN IMPROVE HIS WORK
WNTIL HE DISCARDS THE DUWLCET NOTION THAT THE READER IS
FEEBLE-MINDED, FOR WRITING IS5 AN ACT OF FAITHs NOT
A TRICK 0F GRAMMAR. ASCENT IS AT THE HEART CF THE MATTER.
A COUNTRY WHOSE WRITERS ARE FOLLOWING A CALCULATING MACHINE
DOWNSTAIRS 1S NOT ASCENDING -- 1F YOU WILL PARDON THE
EXPRESSION -- AND A WRITER WHO QUESTIONS THE CAPAGITY OF
THE PERSON AT THE OTHER END OF THE LINE IS NOT A WRITER
AT ALL, MEREBLY A SCHEMER. THE MOVIES LONG AGD DECIDED
THAT A WIDER COMMUNICATION COWD BE ACAIEVED 8Y A
DELIBERATE DESCENT TU A LOWER LEVEL, AND THEY WALKED
PROUDLY DOWN UNTIL THEY REACHED THE CELLAR. NOW
THEY ARE GROPING FOR THE LIGHT SWITCH, HOPING TO FIND THE
WeY OUT.

WE HAVE STUDIED DR-FLESCH'S 1 INSTRUCTIONS DILIGENTLY»
BUT WE RETURN FOR GUIDANCE TC AN EARLIER AMERICAN 1> WHO WROTE
WITH MORE PATIENCE, MORE CONFIDENCE. I FEAR CHIEFLY,' HE
WROTE, 'LEST MY EXPRESSION MAY NOT BE EXTRA-VAGANT 3 ENOUGH,
MAY NOT WANDER FAR ENOUGH BEYOND 2 THE NARROW LIMITS OF MY
DAILY EXPERIENCE» S0 AS TO BE ADEQUATE TO THE
TRUTH OF WHICH I HAVE BEEN CONVINCED ... WHY
LEVEL DOWNWARD TO OUR DULLEST PERCEPTION ALWAYS, AND PRAISE
THAT AS COMMON SENSE? THE COMMONEST SENSE 1S5 THE SENSE OF MiEN
ASLEEP» WHICH THEY EXPRESS BY SNORING."™

RUN THAT THROUGH YOUR CALGC..-™R! IT MAY COME OUT
HARD, IT MAY GOME OQUT EASY. RUi .T WILL COME OUT WHOLE,
AND IT WILL LAST FOREVER.

)
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LASS 3
AVERAGE- READER 2

EASY 3
EXTRA=-VAGAN [ 1
HARD 2

READING-EASE 1

READING= EARSE-CALCULATIR 1
VERY~-Easy !

VERY-HARD 2

Ny 8 Fg 13
QAass 2 CON S1DER 1
ABIL ITY 1 CONTEND 1
ACHIEVED CONVINCED 1
ADEQUATE 1 O N TRY 1
ADVICE 1 QO VER 2
ADVI SES 1 DAILY 1
AFTER 1 DECIDED i
:EOAY 1 DEGRADING 1
mgmg 1 DR 1BERATE 1|
R 1 DEMONSTRATED 1}

AISWERED H DENY 1
:NYBOS;NG i DESCENT 1
Agggr ? DEVELOPED 1
o eap " DIL IGENTLY 1
it " DIRECTING 1
oy ’ DI SCARDS 1
oy ' DOWN STAIRS 1

DOWNWARD
BEAUTIFUL. 1 DL CET )
BECAUSE i OWLLEST i
BEFORE 1 EARLIER 1
BEL 1 EF 1 £CHO 1
BELOW 1 ENGL I SH 1
BETTER 1 ENO UGH z
BEYOND ! ENTITLED )
BOOKLET 3 BVNVELOPE i
BRONCOL IKE 1 ESSAY 2
BUSINESS 1 EXFERLENCE 1
CAL CULATING 2 EXPRESS 1
Ccztg&gm“ ‘: EXPRESSION 2

FEEBLE-MINDED 1
CAPACGITY 1 FELLOW 1
ALMoID 1  FOLLOWING 1

FOREVER 1
CHARACTER 1 GRAMMAR 1
g&g‘a’é&* : GRANDMO THER 1
COMFORTABLE 1 fg;j’,‘““ :
COMMON ! IMAGINES 1
COMMONEST 1 IMPROVE 2
COMMUNICATION 2 oo moo )
CONFIDENCE 1 IN SIDE 1

INSTRUCTION 3

INSTRUCTIONS 1
INTELLIGIBLE 1

INTO
ITSELF
LANGUAGE
LEVEL
LIEF
LIMITS
LOWER
MACHINE
MASTERING
MATTER
MERELY
MOMENT
MOVIES
MYTHICAL
NARROW
NOTION
ONE*S
ONLY
OTHER
PARDGN
PATIENCE
PERCEPTION
PERFECT
PERSON

_-—-nn—-b—o——-—._‘—-w—-——.wm-—‘

PERSONALIZE 4

POCKET
POSSIBLE

PRESUMPTUOUS 1

PROUDLY
PUBL I SHER
PURPO SE
QUESTIONS
QUICKLY
READER
RECEIVED
RETURN
RIDER
SADOLE
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SATISFIED
SCHEMER
SIMONIZE
SIMPLE
SIMPLY
STUDIED
SUBTLER
SYLLABLES
THOUSAND
TOWARD

TRAINING-AID 1

UNDER

1
1
1
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UNDERSTAND 1

UNDERSTANDING 1

NTIL
tNUSUAL
WANDER
WHENEVER
WHETHER
WHOEVER
WIDER
WON DER
WRITER
WRITERS
WRITTEN

NY 149 Fo 1

2

1
1
2

[

i
1
1
1
5
a4
2
g

6

B i et N T DR AR ¥R TV

3
i

R, OO DT ISR TV I RUIL I 104 K P UP- T PRI R CPRICT . PP 7 V¥ NN TOUSRT 1) -3 AT N 1R S 30




aLAss HLS 3 0 1
-- 4 HOPING 1 STANDING 1§
a 23 HOW 3 STAY t
ACT 1 i 2 STAYED |
ALL 1 IF 2 SWITCH 1
] AMERICAN 1 IN 7 TEST 2
E aN 5 1S 22 TESTED | i
AND 15 1T 11 TESTS o J:
ARE 3 KNO W 1 THAN 3 i
i as 5 KNOWS 3 THAT 9 A
& AT 4 LAST 2 THE Y] 3
s BE 4 LEADING 1 THERE ) 3
5 BEEN 1 LEAPS 1 THEY 5
3 ROOK 4 LEST 1 THING 2
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3 BY 8 LIKES 1 THROUGH 1|
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CAME 1 LONG 1 TIME 1 ;
CAN 2 LOST 1 T 21 E
CARD 1 MAIN 1 T00 2
CHICAGO 1 MAN 1 Mss 1 3
CHOICE 1t MAY 5 TOSSING 3
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cow.b 1 MORE S TRICKS 1 :
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3 GAY 1 RUNNING 1 WRES
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Appendix 3

“Giving Power to Words”
by Philip W. Swain

The following article is reprinted with permission from the "American Jouraal

[ECAR I PRTET LSRRI T E e
o

of Physics", Vol. 13, No. 5, pages 318-320, October 1945,

GIVING POWER TO WORDS
E § by Philip W, Swain

3 Editor of Power, New York 18, N.Y.

"Fools rush in where angels fear to tread." Perhaps that is why I am not averse

Cuate ) )

to giving physicists advice on how to . vite and edit. Within the past year I have , ;3
E told school math~-.tics teachers how they should teach, engineering deans what they : m
should do about English studies, mechanical engineering professors what subjects | i
they should teach and how.

Now I am at it again. Sooner or later this sort of thing may lead to my public
undoing by some real expert,

So let me disarin you with a bit of frankmess, I am not an expert writer, I : &

feel like cne of my engineering students at Yale many years ago., He wrote his “no

help" pleage this way on his examination paper: "Mr., Swain, I give you my word of

honoxr that I have aeither given nor received help in this examination, of which the

foregoing pages are ample evidence,” f,:
Aside from am invitation to do so, my only excuse for writing this paper is that

I have been struggling with the practical problems of technical writing and editing

for 23 years, and came to the editor'. job with a rather broad backgreund that
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included a lot of Greek and Latin study, an academic major in physics, tutoring in
physics, industrianl factory jobs as machinist and steam fitter, two degrees in me-
chanical engineering, tesching and practicing mechanical engineering, serving as an
army artillery officer and as a salesmen,

Today I am convinced of what ] long agoe suspected -- that both physics and
English are superlatively useful studics, Pbysies, the most fundamental of all
cnginecring fundamentals, was my first love, and is still my favorite study.

Your work &s teachers of physics ir an age of applied science is of first
tmportance. To do your job right you will need skill with three languages: the
languuge of words, the language of mathematics and the language of pictures. Here

we talk about the words,

KNOW YOUR READER AND YOUR OBJECTIVE

The first rule of good writing and good editing is to know your reader -- who
he 15, how he thiaks; what words he uses, what words he understands; what intevrests
him, wher bores him; wherein he is smart, wherein stupid,

Ths second rule is to know what you wish to accomplish im the way of giving
pleasure, causiag amusement, winning friendship, imparting knowledge, awakening
interests and reforming attitudes.

You are physicists and ieachers of physics, so I assume that you write mostly
for other physicists, for scientists in related fields, for students of elementary
physics, for students of advanced physics and for the nonscientific public, More
oftem thsn not, I assume, your aim will be to imparr some understandirng of physical
iaws, facts, metheds or points of view, together with some shave of your < enthusiasm,

S0 you physicist writers storl by Yncwing just what you want to do, snd to whom.
There remains anly "Howv", ke sixty-four dellar question. It is a quests an Y1 canng
answer, ror anybedy clse. 1 can only pass along » few tips, and urg> y: to il
skill by comstant writing, testing and rewriting.

It will not be easy. English, the most gloriously illogical! mejoy lanc e, ig

- 253 -




PRI EvC: Nt 25 L

R TRV T UL

[IPIRIEL, TR

beiter for poets than for physisists, Rut you will always find the right wevd if

you look long enough,

MANY LANGUAGES

Hote the many ianguages within ouxr laaguage. The college freshmsn learns that

"the moment of = force shout any specified axis is the product of the forxce and the

perpondicular distance from the axis to the iine of action of the force." Viewing
the same physical principle, the engineer says: "To lift a heavy weight with a
tgver, a man should appiy his strength to the end of a long lever arm and work the
weight on a short lever srm.™ Out on the fastory floor the foreman shouts, “"Shove
that brick up snug under the ci.aowbar amd get a good purchsse; the crate is heavy.,”
The salesman says: "Why let your men kill themszlves heavisy those boxes all day
long? The job's easy with this uew long-hsndled pinch bar. With today's high wages
you'll ssve the cost the first afternoon,”
Who can say which of these is the best English, or ithe woxst? Each seems well
suited to its purpose and aucience, therefsre good English, according to my lights.
May I venture to suggest a useful writiing exercise for grown-up physicists.

First write a sedatc and rechnical little treatise on the gyroscope -- say, 1000
words., You might entitle it "A concise summsry of the physicsl principles underiylng
gyroscopic phenomena," Then rewrite (and reiitle) the piece seven times fox the
folluowing seven types of audience or reader:

The Latin faculty of your universily.

Some imaginary university president to be impressed by ysur profundiiy.

A studeni of first-year physics,

The Reader's Digest,

A Rotzry Club meeting,

A mechanic, skilled but unschooled.

Ar eager 10-ycar-old boy, interecied in gadgets.




TEN " RULES"

Now, @&t the risk of appearing utterly incomsistent, I am going to set down 10

"rules" of good writing,

It will be fair to ask me how there can be general rules

if it Is true thot cach type of reader requirves speclal treatment, Somewhat lamely,

I answer that certoin ways of writing (us distinguished from content) seom to go over

well with the majority of American readers of ail classes, If you follow these 10

suggestions blindly yon will not always be right, but you will be right more often

than you are wrong:

1. Short words are better than loug,

2, Shert sentences are better than long. 4

Short paragruphs are better than long.
Shoxt articies are better than long.
Direct statement is bettey than indirect,
The active mood is better than the passive,
Don't pussyfoot.

Be simple, human and ¢omecise -« not complex, pompous and verbose,

9. Don't overwork "is", “was" and other paric of "to be",

To gain power, chop off Latin roots wherever Anglo-Saxon words can tell

Lhs same story. Thus, "Tiivy considered it improbable that circumstances

would permit him to divulge the occurrence,” would better be, "They

didn't thiask ke had a chance 2o tell the news,"

Thus baldly sot down without a lot of juctiiying "ifs™ and "buts,” these so~called

rules may cxpose me to & barrage of exceptions from literary and scientific people,

e

I grant the exceptions, but stiil insist that those who can weite by those "rules”
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whea they want to coen best be trusted to break them wisely,

g

I must not appear to criticize the writings of one trained physicist to another,

or the language these twe naderstand best even if some words are both long and Latin.l

lpoar an spalysis of such writicgs, see D, Roller, Am.J. Physics 13,99 ¢(1945).
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Two men of onc mind talking shop are a pretty sight, whether they be physicists,
machinists or basebsll fans. They understand each other, ond that is all that counts.

But let me ask you how many physicists can go through life with no fair oppor-
tunity to instruct or inspire some of the 99,997 percent of Atericans who are not
physicists, If we believe in the power and glory of physics, can we justify wasting
such opportunities or use the lame excuse that the other fellow is stupid?

Learning to talk and write so the other fellow can understand you is a prime
duty of every mon with any wisdom worth sharing. 7The rules I have listed apply with
particular force wherever the subject discussed is strange to the reader,

Whether you sgree or not, I urge you to try this experiment: Hunt up some bit
of expository writing full of long words, Latin roots, long sentences, long para-
graphs and the passive mood. Rewrite by the "rules", and test the result, Is it
easier to resd? Does it save the reader's time? Does the writing have more power?

What sciemtific or literary values, if any, have been lost?

SHAKESPEARE REWRITTEN
OQut of curiosity, I reversed this procedurc to see if it would make good writing

bad. It did. My starting point was pert of Mark Antony's speech to the mob in
Julius Caesar. Rome might scem a good place to use Latin words, but Shakespeare
knew better and made Mark spesk Anglo-Saxon because there was a job to be dome and
no time for fooling around. Note also that Mark Antony shows no fear of direct state-
ments, personal pronouns or one-syllable words. I now quote as Shakespeare wrole:

Good friends, sweet friends, let me not stir you up

to such a sudden flood of mutiny,

They that have done this deed are hononrable:

What private griefs they have, alas! 1 know nrot,

What made them do it; they are wise and honoursble,

And will, no doubt, with reasons answer you,

1 come not. friends, to steal away your hearts:

=t Sl di b
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I am no orator, as Brutus is;

But, 0s you know me all, a plain bluat man,
That love my friends: and that they know full well
That gave me public leave to spetk of him,
For 1 have neither wit, nor words, ner worth,
Action, nor uttervance, nor the power of speech,
To stir men's blood; I only speak right on . . . .
Now I will rewrite inio this speech the faults of the typical engineering manusoript
~- long words, long sentences, pussyfooting expressions, possive moods, failure to
wall the other fellow "you" and yourself “I", Note the differencel

It is not the intention of the speaker to craeate in the minds of the

friends and other gentlemen prosent any rspid increase in ahtagonistio and

violent emotions. The persons who sustain the responsibility for this action

pr—
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are gentlemen of substantial reputation, It has not been feasible for the
speaker to determine what personal grievances may have impelled them to
concur in the action under discussion, However, due to the fact that they
sre intelligent and of satisfactory reputation, it may be assumed that they
will stand prepared to present apparently defeusible explanations of their
procedure,

it should not be consideéred to be the intention of the speaker in appearing
before you to influence your emotions in such o way as to advance his own personal
selfish juterests. The speaker {s not properly what might be termed an adept in the
profession of public speaking, as might be properly stated of Mr. Brutus, It is
perhaps not unreasonable to make the assumption thot all of the gentlemen here
present are acquainted with the fact that the speaker is a person of uncomplicated
character and one not addicted to circumlecutions and other types of round-about

operations -- also that an understandable fondness was maintained by the speaker

toward this rather close acquaintance.
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Circumstances such as these ave entiroly famillar to those gentlemen who have

socorded the speaker permission to present comments regarding this person. As far =

! as the personal qualifications of the speakor are concerned, his abilitles do not

3
z

include the intelligence, the vocsbulary or the characte¥, the procedure, the
vorbal delivexry or the skilfulness {in enunclation roquisite to the creation of

excessive excitement in an audlence, To speak with entire accourscy, it iIs practi-

cally impossible for the speaker to accomplish more than an unpretentious enumerp=

tion of the circumstances of 8 situation in correct sequence.
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Here {5 & typleal engineer's sentence of 3? words, most of which are wasted,

Tt i5 assuméd ordinarily that in computations of this character it is

e ]

desirable to arrange the various elements of the problem in the form

e

[ENETTTRATAN

of & tabulation in order to Insure that avoidable errors sve reduced

to a minimum,

R T

1l

Why not say: % '
Most engineers like to tabulste such data ‘o tveduce ervors. :
Lampooning the pompous jargon of doctors, lawyers, engineers and other pro-
fossionals, C, M, Ripley, of the General Electric Company, quotes an economist: ' ;
The significance of this widespread problem can bhe grasped whsn it is
rccognized that the phenomenal growth of cities which has taken place
: during the past several decades is attributable to our efforts, in this 3
industrial ora, to achieve convenient physical accessibility between the
manpy interdependent parts of our intricate cconomic and social mochanism.
The cconomist is trying to tell us thet cities have grown because of good

transit systems,

Ripley shows how short words bring power to the King James version of the Bible: i
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Rise up, my love, my falr one, and come away. For lo. the winter is
past, the rain is over, ond gone.
From oll English lltorature before Shakespeare, Ripley reminds us, Bortlett lists X
363 femiliar quotations averaging 11 words each -- and three words out of four have L
but ono syllable, v
CONCLUSTON
; In closing let me sum up in this way: (1) know your reader; (2) know your _
: objoctive: (3) he simple, direct and conciso,
1
i
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Appe ndix 4

Bibliography

The following short bibliography is divided into four parts. The sequence of
entries in each part 1s voughly from morc simple to less simple., I hope these

references will be of use to a reader who wishes to pursue the subject of explanation.

1, Explanation, Exposition, and &nglish Composition
Flesch, kudelf / The Art of Plain Talk / Harper and Bros,, New York, N.Y, / 1946,
210 pp
This famous book caused a revolution in the writing of ordinary English, and
has sold well over 100,000 copies. 1t contains a simple readability scale, a way
of measuring the ease or difficulty of reading something written, A great many
writers have applied this scale, and have obtained useful resuits, The book is

easy to read, intevesting, entertaining, and worthwhile,

Borden, Richard €, / Public Speaking -- As Listeners Like It / Harper and Bros.,
New York, N.Y. / 1935, 111 pp
This is an excellent guide for those who wish to speak well -- and for those
who wish to explain well, It has four chapters; "Listeners' Laws" for "Speech Organi-

zation”™, "Speech Substance”, "Speech Phrasecology,” and "Speech Delivery”, respectively,

Flesch, Rudolf / The Art of Readable Writing / Horper and Bros., New York, N.Y., /
1949, 237 pp

The purpose of this book is "to help you in your writing”, to put to use in
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peaple’ s wrilting the “cnormous amounl of veecent scientific information” about English
grammar, uwsage and composition, to provide a "modern scientific rhetoric that you cen
apply to your own writing.”™ The 21 chapters include:  You und Aristotle, The Impor-

tance of Being Trivial, Degrees of Plain Talk, How to Operate a Blue Pencil, etc,

This book is full of insights, pointed yet amusing remarks, and useful information,

Strunk, William, Jr., and E. B. White / The Elements of Style / The Macmillan Co.,
New York, N.Y. / 1962, paperback, 71 pp
This was first published in 1919 by William Strunk, Jr,, a professor of English
at Cornell University, Ithaca, N.Y.; it was republished in 1939 "with revisions,
an introduction, and a new chapter on writing” by E, 8. White, a coutributor to the
New Yorker, and a pupil of Professor Strunk's,
Wm. Strunk: "This book aims to give in brief space the principal require-
ments of plain English style."
E. B. White: "I shall have a word or two to say about attitudes in

writing: the how, the why, the beartraps, the power, and the glory,"

A valuable little book.

Gunning, Robert / The Technique of Clear Writing / McGraw Hill Book Co., New York,

N.Y. /1952, 209 pp

The author has had eight yecars expericnce as a business consultant in im
resdability. Part 1 includes as chapters: The Fight Against Fog, What Fvery Writer
Should Know about Readers, Rcadability Yardsticks. Part 2 explsins tew principles,

from ne, 1, "Keep sentences short", to no. 10 "Write to express not to impress".

Berkeley, Edmund C. / How to Explain Clearly / Berkeley Enterprises Inc., 015
Washington St., Newtonville, Mass., 02160 / 1959, 23 pp

A discussion and listing of over 40 factors affecting explanation, This was

the source for most of Chapter 4 in this book.
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Perrin, Forter G, / ¥Writer's Guide and Index to Faglish )/ Scett Foresman and Co.,
Chicago, L11. / 1950, hardbound, 833 pp
This book "describes our current language in a pattemplenned for use in college
courses in composition, and for "encouraging students in effective communication of
facts and ideas”. The chapters include: The Activity of Writing., Verietics of

English, Writing Paragraphs, the Meaning of Words, etc. The book is full of indis-

nensable iaformation,

Rorabacher, Louise E. / Assignments in Exposition / Harper and Bvos., New York, N.Y. /

1946 / 314 pp

A useful book, designed for teachierg students in Engiish composition courses;
it is written clearly and dircctly:
The emphasis here is not on creative writing as an art but on practical
composition as a means of communicating ideas quickly and clearly in
whatever form the workaday world may require ..., that useful kind of
expression most frequentiy demanded of the average man or woman which

is known as infor ‘ative or expository writing.

Tanner, William N, / Composition and Rhetoric / Ginn and Co., Boston, Mass . /
1922, 539 pp
Chapter 17, "Exposition”, begins:

Whenever we define a word, tell our companions how to play a game,
recommend a book to a friend, ... or cxplain a law of science, we
employ exposition. We may define exposition, then, as that form of
composition by means of which we give explanations of facts, ideas,
methods, and principles. The purpose of exposition is to make our
meaning clear to the understanding of our hearers and readers, It
appeals chiefly to the mind, rarely to the feelings, Next to narration,

exposition is the most common form of discourse. The practice of
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exposition develops ohservatian, judgment. orderly thinking. and accurste
expression, It is of the utmost importance that we learn te explasn te
others exactly what we mean,
Although Lhis book is in many ways old-fashioned, and most of the chapters
deal only indirectly with exposition, the book contuins much useful and pithy informea-

tion for improving explanation,

Berkeley, Edmund C, / “Supplement 1: Words and Ideas" in "Giant Brains or Machines
that Think” / John Wiley and Sons, New York, N.Y, / 1949, 270 pp
A discussion of words, idees, ard explunation, in this book four classes of
words for explaining were distinguished, and identified as Classes 1, 2, 3, and 4,

and they were used and controlled to produce better explanation,

2. Technical Writing in Business and Engincering
Schutte, William M., and Erwin R, Steinberg / Communication in Business and Industry /
Hcld, Rinehart, und Winston, New York / 1965, hardbound, 393 pp, $6.50

The chapters include: Considering the Audience, Wasteful Prose, Business Jargon,
Ideas and Language, Preparation and Organization of Materials, Writing to Persuade,
Reading and Listening, Communicating in Group Discussion, etc. The authors have
been consultants in communication, and have been engaged for some years im "isolaling
the problems which cause the businessman to write and speak less effectively than
he should”, and in identifying the skills and thc fundamental principles of communi-

cation which the business man needs in order to write and speak well.

Rathbone, Robert R., and James . Stone / A Writer's Guide for Engincers and Scien-
tists / Prentice Hall, Englewood Clifts, N.J, / 1962, 346 pp
This - ok analyzes the problems of a writer, discusses solutions, and provides
o variety of models from actual reports. The chapters include: Satisfying the

Reader‘s Needs; Explaining a New Concept, Method, or Device; Developing an Effective
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Style; Techniques and Devices to Mid the Writer; ctc,
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3. Examples of Explanation

e

T T R TP Y

Spock, Benjamin / Pocket Book of Baby and Child Care / Pocket Books, New York. N.¥Y, /

1

E Ist printing April 1946, 20th printing June 1951, 502 pp é
% Full of really excellent examples of explunation. For instance: j
% % 400. Head Injuries, A fall on the head fs a common injury from the age ;
é ? when o baby can roll over (and thereby roll himself off the bed), A é

FUPROW

3 } parent usually feels guilty the first time this happens, EBut if a child

dates

Is so0 carefully watched that he never has am wccident, he is being fussed

kbl

over too much. His bones may be saved, but his character will be ruined,

4

Ley, Willy / “"The Conquest of Space", with paintings by Chesley Bonestell / The
Viking Press, New York, N.Y. / 1949, 160 pp

An excellent cxample of scientific explanation for en intelligent but lay
audience, For instance:
If the moon's orbit were circular, we would see precisely 50 percent of

its surface, some of this area near the rim ill-defined, But the moon's

i iy s dLELERNEL)

orbit is ellipticol, its mction faster when it is nearer earth, and

slower favther away, The irregular motion combined with the regulsr

; votation produces a kind of “wobble™ which cnebles us to see temporavily é
E portions "beyond ihe rim", omce on one side, once om the other, Taking 5
§ advantage of the libration, as the wobble is called in dignificd pro- ?
i H
E fessional language, we can map a total of about four sevenths of the ;
% lunar surface, (From page 64) %
;

4, Logic, Fallacies, Symbolic lLogic, and Mathematical Systems

A

Little, W, W., W, H. Wilson, and Y. E. Moore / Applicd Logic / lioughton Miffliin,
Co., Boston, Mass. / 1955, 351 pp :

s af B0
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tech xith 3 ¢ 3ulsse
inefferaxe tRimp g wRioR Rss o nem foo 0N yeais an aNISQral o art of the program
of yenacrai ecducatyen at the Lniversity of Florida™. The book sephs “to develop
intellectual skilly which the student can jut to practical use in solving the myriad
problems which witl confront him through life.” The four parts of the book are:
Fellacies, Dedurtion; Induction, Subjeciive Faoctors., The 33 chapters include:
Fallacies of Neglected Aspect, The Categorical Syllogism, Truth, Probability,

PitTalls in Thinking, ete,

Black, Max / Critical Thinking: An Introduction to Logic and the Scientific ¥ethod /
Prentice Noll, Englewood Cliffs, N.J. / 1946, 402 pp
A useful and important book. The three parts ore: Deductive Logic; Language;
Induct ion and Scientific Method. The 19 chapters !nclude: The Aims of Logic;
Validity and Farm; The Uses of Language; Deflnjtion; Assorted Fallacles; The Grounds
of Belief; Scientific Method. The asuthor says at the start, "I have tried to moke
this book an argument, not a cutalogue of dogmess, 1ts ideul recoder will {ind him-

self constantly asking questions, for which he will insist on [inding his own answers.”

Carnap, Rudolf / Introduction to Symbolic Logic and Its Applications, rranslated
from German into English by William H. Meyer and John Wilkinson / Dover Publica-
tions, New York, N.Y. / 1958, 241 pp

A techmical handbook and reference msnual for symbelic logic, fairly under-
standable. Part Two is "Application of Symbolic Logic", and contains axiom systems

for geometry, physics, space-time topology, and biology.

Allendoerfer, C. B,, and C, 0. Oakley / Principles of Mathematics / McGraw Hill
Book Co., New York, N.Y. / 1058, 448 pp
Chapter 1, "Logic", Chapter 3. "Groups™, and Chapter 4, "Sets and Bolean Algebra”,
give some information and examples of mathematical systems, Mozt of this book however

covers other branches of mathematics, and is outside of the territory of the technique

of explanation,
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Appendix 5

A Short Glossary

allusion vocabulgry — See Class 4 vocabulary.

audience — Persons whe are recelving the explonation; the group of explalnees.

Class 1, the One-Syliable Vocabulary — Words that arve used in an explanatjoen and
that are so familiar that cvery member of the audience will know all of
them; for example, “is", "like", "must", Taken to be words of one sylliable
(unless exoluded for some spocified reason suoh as beiny a special term of
the subjeot)i also, words that become twe syllables by the addition of one
of the endings ". 2, <as, =d. =fd. «ing": also, words for numbers, places,
nations, orgenizations, specifio persons, vears, dates.

Class 2, the Koy Vooabulary — Words that are used in an explanation, that are not
speofally defined, and that are largely familiar, but perhaps some members
of the audience may not have s complete understanding of some of them:
for exampie, "expression”, “computer”, ‘Taken te be words of two or move
syllables, except those classified specifically in Class 3, Class 4, ovr
Class 1,

Class 3, the Special Vocabulary -~ Words that are used In an explanation, that most
members of the audience are not expected to know, and that are (or should
be) specially definod and explained in the course of the explanation. 7The
special terms of the subject that ocour in the explanation.

Class 4, the Allusion Vocabulary — Words that are used in an explanation, that

the audience does not need to know or learn, and that gre not used in

Aomumaogardf |,
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later explanations and definltions. Words that occur in ah expisnstion

fn such a way thot understanding thems, though k2ipful. 13 in no way
esseitisl) for exnmple, words ogoutrtring in a quotation from a reference
when only the general significance of the quotation needa o be undersiood.

DEC — Digital Equipment Corp. (Maynard, Mass).

explain — To make something clesr and platn; te change §1 from semething that 1s not
understood to somerhing that 13 undersztood; te render something intelligible:
1o défine or describe o strange idea in terme of familiar ldens and familiar
relations,

explainee — Person who 13 receliving the explanation; a nember of the gudicnce.

explainer = Person who 1& preszenting the explanation; leoturer,

explanation — Presenting information olearly und fn an intevesting way to an oudience.
Also, the technique or the subject of so doing., Explanation has to be more
interesting and to apply more widely than instruotion; fv is a subdivision
of exposition and writing, and 1! is more general than technicsl writing,
and wcte general than the present -tion of mathematical systems such as
geomotry. Explanation does not anzsume a captive mudlence or an intensely
sonocrned audlence,

key vocabulary «~ See Clase 2 vocabulory.

L1SP —. A Gertain language for programming computers, which 1s well adapted to
expressing conditions that occur in o great varicry of problems, anéd which
is independent of any purtioular computing machine. LISP is able to deal
with letters, digits, numbers, words, Statements, c¢ommands, 1ists, and many
other items of Information composed of symbols of almest any kind. The
name LISP ocomes from the first three letters of "1ist” and the first letter
of "processing”. It was worked aut {n 1958-60 at Massachuserts Instftute
of Technology, Cambridge, Mass., by John MoCarthy and several other computer

scientists.
- 267 -
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one-syllable vocgbulary — See Class | vocabulery.

special vocabulary - Se2 Class 3 vocabuelory.

vinderstand — in a certaln field of hnowledge, to scquire (or have) the power to
distinguish truth and feots from falsehoods or nonsenas~, and the power
to adapt @eans to ends, including the power to golve problems.

words for explaining — In nn explanation, wurds that the sudience ave supposed to

TR U

know already or to leorn while rending the explanation, end that are

usod as bullding brocks for latev eaplenatien and definition.

.

o s OB DT

ey W AR LTS Y

; - 260 -

BT ol L




(R

IR

T

P CITEE T W T T 1 o MV Ty

et o

o o . e

Apprndix

Index

A:  accuracy, 47

advice for explolning, short summary of, 179
allusion vocobulary, Gl

ambiguous words, 34

assistance by computeyr, 53

assiztange from a computer in explanmion, 159
audience, 10

audience for an explanntion, 8

B: Basic English, 57
Hoolean alyebra, 2§
brevity, 46

G: cuptive audience, 14, 17

Churchill, Winston, 50

olarity, demonstration of increase In, 80
Closs 1 words, 39

Class 2 words, 59

Class 3 wards, 59

Clas: 4 words, 61

COIK (alear only 1f known), 36

comnon properties and velations, 26, 27, 126
communication is subiie: expianniion, 245
computer, 147

computer-assisted explanation, 11

computer program for:

average number of words in a sentence, 160

detecting key words und phroses, 168
frequency distribution, 106
number of syllables. 162

ratio of number of syllables to number of words, 152

sentence leagth, 160

vocahulary analysis. 67, 10}
connotation of words, 37
context, 24
controlling the words for explaining, 63
sybernetics, 148
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D: DEC, 67
Digital Equipment Corp., 67
discipline: explanation, 13

E: effectiveness, 51

effort to make good explanation, 156

emoticnal attitude of explainer, 52

entertainment, 50

exaggeration, -emoval of, 144

explainee, 8

explanation: definition, 7; distinguishing characteristics, 20; elements, 7;
importance, 10; moietary value, 155

evposition, 16

F: factors affecting explanation, 22

feedback, 51

frequency distribution, computer program for, 1066
frequency of words, 37

fuzzy words, 34

G: gereral plan for improvement of any explanation, 82
giving power to words, 252
grammar, 40

1: importance of an explanation to an audience, 49
improving an explanation, plan for, 82
improving and revising am explarnation about:

LISP, 76

statisties, 127

troublemakers, 139
instruction, 14

integral phrases, 62
interest, 50

J: Jjudging and improving an explanation, 738

K: key vocabulary, 60
key words amd phrases. computer program for detecting, 166
knowledge of subject matter, 52

L: length of sentence, 43

length of words, 37

L.indbergh, Charles A., 50

LISP: explanation, 76; an original explanation, 93; a revised explanation, 112

M: mathematical systems, 18

mechanical integration, explanaticn, 209
modifiers, 42

monetary value of good explanation, 155
motivation, 30, 50

N: natural questions to be answered by an explanation, 83
"necessary, required, need”, 56
number of words in a sentence, computer program for, 160

0: Ogden, C. K., 57
cne-syllable vocabulary, 60
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P: paragraphs, 44

PDP-7 computer, 67 -
personal moral responsibility, 152 3
personalizing ideas, 30

phoneme, 43

phrases, 39

picture worth a thousand words, 54

plan for improving an explanation, 02

practical aspects of revising explanations, 154
precise truth, 47

precision in long words, 356

R: ratio of number of syllables to number of words, computer program for, 162
readability scale, 161

references of words, 40

resistant sporangia, explanatiom, 2, 206

gl Lk e Ll et gt ek g

S: sampling, explaration of, 66, 217, 224
sentence length, 43

sentence length, computer program fer, 160
sentences, 40

ships, explanatiorn of terms, 3, 213 . 3
short words, 56 z
simplicity, 47 :
sincerity. 52 :
speciai terms, 60 3
special vocabulary, 60 E
spelling, 32 ’ 3
style, 48

subject: explanation, 13

Swain, Philip W., 252

syllables, rules for number of, 162

symbolic logic, 19

T: taxfcab, explanation in a, 1 3
technical writing, 16 i
tempo, 47

time available for explaining, 52

trimming: increasing the precision of words and statements, 145

troublemakers, explanation about, 4, 231, 239

U: wunderstanding, 9
utility of the computer program, 88

V: value of computer program for vocabulary analysis, 157 :3é
value of good explanation, 154 '
vividness of words, 36

vocabulary analysis with a computer program, 67, 181

W: well-known words, 55 b
"we, ours, us", 150
"wimple", 36 .
words for explaining, 59 o
wrong words, 33
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